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1. Introduction and Motivation 
1.1 Introduction 
In the last two decades, hyperbranched (hb) polymers have drawn much attention and 
obtained intensive research activities both from industry and academia. They are known to 
have unique and interesting properties which derive from their three dimensional structure 
and the large number of functional groups. These structural characteristics provide high 
possibilities for controlling functional group interactions and modifications of other polymers 
in blends and therefore, they are expected to result in novel materials with desired properties. 
Furthermore, the easy synthetic accessibility of hb polymers by one-pot synthesis is 
advantageous as well and allows easy scale-up of laboratory reactions. Having the 
characteristics as mentioned above, hb polymers are considered good candidates for blend 
components or melt processing modifiers. In fact, hb polymers have already been used as 
blend components or additives aiming for different ffects. In many cases, reduced viscosity 
and formation of miscible blends were observed by modification of a linear matrix polymer 
with hb polymers. More information will be introduced in the following theoretical section. In 
this work two hb polyester systems based on AB2 and A2+B3 approaches were synthesized 
and studied. Their possible applications as additives in the blends of linear polyamides were 
investigated. 
 
1.2 Motivation and work plan 
The hb polyesters based on the classical 3,5-dioxybenzoyl building block have already 
received intensive investigations[1-4] since they were reported firstly by Kricheldorf.[5] AB2-
type hb polyesters with high glass transition temperature (Tg) and large amount of phenolic 
end groups were prepared according to those reports. However, a large effort has to be taken 
to synthesize this AB2-type hb polyester due to the difficulty dealing with the unstable AB2 
monomer. Therefore, an easy alternative synthetic strategy, for instance by one-step solution 
polymerization of readily available monomers, toward the high Tg hb polymer possessing free 
phenolic end groups as well is wanted. In fact an A2+B3 hb polyester with the features 
described above has already been reported by Komber et al.,[6] however, by a melt 
polymerization. However, the synthesis of this A2+B3 hb polyester by a solution 
polymerization under quite mild conditions is also feasible.[7] Similar work of polymerization 
in solution at room temperature has already been report d by Lin and Long[8] and led to hb 
poly(aryl ester)s without gelation. Thus the effort f this work was focused on trying to 
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synthesize the A2+B3-type hb polyesters of previously known structures
[6,7] using a facile 
solution polycondensation of commercially available monomers. Then, further investigations 
and characterizations of these hb polyesters will be performed to provide a complete property 
profile of this A2+B3-type hb polyesters prepared by solution polymerization. Additionally, 
end group modification of both AB2 and A2+B3 types of hb polyesters was also a target of 
interest in order to provide new hb polymers with varied end groups differing from the 
already obtained phenolic end groups. 
Many hb polymers have already been used as modifiers for different linear matrix polymers, 
especially for large scale engineering plastics such as polyamides. However, the interactions 
between hb polymers and a linear polar polymer matrix a e not yet clarified and several 
parameters like branching architecture, nature of the repeating groups and especially of the 
end groups may lead to contradictory effects. Therefore, further studies on modification of 
linear matrix polyamides with hb polymers, especially with polar (for instance OH) end 
groups, are required to clarify this understands. In addition, polymer materials in certain 
applications, for instance for use at high temperature, have become increasingly important. 
Use at over 200 °C for more than hundreds of hours has emerged as stated requirements for 
some materials. Particularly interesting in this regard are the requirements from the 
automobile and aircraft industry for engine components where resistance to harsh 
environmental conditions, such as high service temperatures and environmental (including 
chemical) resistance for long time are critical performance specifications. 
Thus for applying the materials in engine compartment of automobiles, several types of partly 
aromatic linear polyamides (from BASF-SE) have to be modified with additives to improve 
long-time heat resistance while maintaining good chemical resistance. Since the hb polymers 
have already been used as melt modifiers for different matrix polymers to form miscible 
blends with reduced melt viscosity, blending hb polymer with linear polyamides are a 
possible route to useful materials. On the other hand, even though the observed effects are 
strongly dependent on the chemistry of the polymer system used, it is obvious that improved 
miscibility compared to linear polymers as well as effects on the rheology may be expected 
from the addition of hb polymers to linear matrix polymers. 
It is known that the hb aromatic polyesters with high glass transition temperature (Tg) can be 
synthesized according to an AB2 approach. In addition, A2+B3 hb aromatic polymer systems 
have attracted much research interest since they are mo e readily available from commercial 
monomers. The aromatic structures of both AB2 and A2+B3 type hb polymers impart high Tg, 
and are expected to result in high moduli as well. Furthermore, due to the large number of 
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hydroxyl end groups and ester functionalities, hb polyesters, which can undergo hydrogen 
bonding with different functional groups in the matrix polyamide, form miscible blends. 
Therefore these hb polyesters, used as additives, ar  also expected to improve the thermal 
properties and processability of the matrix polymers. It is still unclear if the structures 
resulting from the A2+B3 approach differ in their properties and interactions with linear 
polymers from the classical “Flory-type” ABx hb polymers. Therefore, it is of significant 
scientific interest, as well as industrial interest, to study both the AB2 and A2+B3 type hb 
polyesters as additives to modify the linear polyamides. Several property enhancements are 
anticipated as a result of this research, including increased Tg while maintaining high modulus 
and reduced melt viscosity which leads to improved processability particularly in injection 
molding processes. As a comparison to the blends of those partly aromatic polyamides, melt 
compounding of the same hb aromatic polyesters with an aliphatic polyamide-6 (PA6) is also 
of interest. In addition, synthesis and investigations on model compounds will be carried out 
for helping define the possible interactions between the hb polyesters and the target matrix 
polyamide in blends. 
 
In order to realize the concepts described above the following targets will be addressed in this 
Ph.D work: 
• Synthesis of AB2 hb polyester by melt polymerization in laboratory scale (up to 10 g) 
followed by scale-up (about 90 g); 
• Synthesis of A2+B3 hb polyesters both by solution and melt polymerization; 
• Characterizations on both types of hb polyesters, focusing on the A2+B3 system with 
respect to the structure, molar mass, thermal properties and melt rheological behavior, 
as well as the influence of end group modification on the properties; 
• Investigation on the kinetics of the synthesis of A2+B3 hb polyesters by solution 
polymerization; 
• Preparation and characterization of blends of linear (both partly aromatic and 
aliphatic) polyamides and selected hb polyesters by mini compounder; 
• Preparation and characterization (especially of the m chanical properties) of the 
blends of partly aromatic polyamide and a hb polyester by extrusion processes; 
• Synthesis and investigation on model compounds. 
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2. Theoretical Background 
2.1 Hyperbranched polymers 
Although hyperbranched (hb) polymers from ABx monomers were described theoretically by 
Flory[9] in 1952, they were resurrected and named as “hyperbranched polymer” by Kim and 
Webster[10] in the late 1980s. Today, after about twenty years of intensive research worldwide, 
hb polymers are considered as a well-established fiel  in polymer science.[1-4,11-17] 
 
 
Figure 2.1. Schematic representation of a hb polymer from AB2 monomer exhibiting terminal 
(T), linear (L) and dendritic (D) sub-units as well as one unreacted (A) functionality as focal 
unit.[14] 
 
Hyperbranched polymers, as the name indicates, are a class of highly branched 
macromolecules with a three dimensional architectur and a large number of functional 
groups. A typical hb polymer having terminal (T), linear (L) and dendritic (D) sub-units as 
well as one focal (A) group is synthesized from AB2 monomer, Figure 2.1. Normally, hb 
polymers are often discussed together with dendrimers under the term of dendritic polymers. 
A dendrimer is a highly symmetrical molecule consisting of many identical building blocks 
emanating from a central core and radiating through a regular branching pattern toward 
numerous chain ends according to the divergent appro ch.[1,11] The Scheme 2.1 shows clearly 
the representation of a structural growth of a dendrimer in a divergent manner. 
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Scheme 2.1. Schematic representation of the structural growth of dendrimer.[11] 
 
Unlike the perfectly branched dendrimers, hb polymers show an irregular branched structure 
and a typical polymer feature - the broad molar mass di tribution. Dendrimers are composed 
of a perfect globularly branched architecture,[1] whereas normal linear polymers exhibit 
mostly linear chain structures. However, both dendritic and linear sub-units can be found in 
the hb polymers (Figure 2.1). Therefore, hb polymers can be roughly seen as an intermediate 
structure between dendrimer and normal linear polymer. And a special term “degree of 
branching” is used to describe the fraction of these sub-units in hb polymers, or in another 
word the polydispersity of the branching in hb polymers. It will be introduced in detail in the 
following chapter. 
On the other hand, compared to dendrimers the easier synthetic strategy of hb polymers by 
one-pot synthesis is a big advantage. Furthermore, similar to dendrimers, the large number of 
functional end groups and lack of chain entanglements of hb polymers results in materials 
with interesting properties, such as a better solubility in common organic solvents and a lower 
solution viscosity compared to those of their linear analogues. 
 
2.1.1 Synthesis of hyperbranched polymers 
Theoretically, all of the known polymerization strategies can be used to synthesize hb 
polymers. However, mostly the step-growth polycondensation, self-condensing vinyl 
polymerization, ring-opening polymerization and addition polymerization have been applied 
for preparing hb polymers. Using those polymerization methods a wide variety of hb 
polymers has been synthesized successfully, including polyesters, polyphenylenes, 
polyamides, polyethers, polycarbonates and polyurethanes. In general, a wide variety of hb 
polymers have been synthesized from the typical ABx (for instance AB2) approaches. Because 
most ABx monomers are not commercially available, considerabl  ttention has focused on 
polymerization of A2 and Bx (mostly A2 + B3) systems to produce hb polymers by an 
alternative approach.[4,14,15] 
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Step-growth polycondensation 
Condensation of single (AB) or, two or more bi-functional monomers with identical amount 
of functionalities, such as AA+BB, leads to linear polymers. When the monomers with 
different numbers of functionalities are used in polyc ndensation, AB2 or A2+B3 as examples, 
hb polymers can be the resulting products. The most frequently used synthetic strategy for 
preparing hb polymers is step-growth polycondensation of ABx monomers, since it was 
described by Flory as early as in the beginning of 1950s.[9,18] 
Typically, a condensation procedure involves the on-step reaction where the monomers are 
mixed with or without suitable catalyst/initiator and heated to a required reaction 
temperature.[19] In order to achieve a satisfactory conversion, condensation products with low 
molar mass formed during the reaction, such as water, m thanol and so on, have to be 
removed. This is usually realized by using a flow of inert gas or by applying a reduced 
pressure in the reaction system throughout the experiment. The resulting polymer is often 
obtained without any purification or, in some cases, after precipitation of the dissolved 
reaction mixture into an excess of a non-solvent for he polymer. 
When highly functional monomers are used in polymerization one must always consider that 
the occurrence of unwanted side reactions will lead to the starting of gelation. In the ABx-
system the preferential reaction has to be A reacting with B. Unwanted side reactions have to 
be suppressed. Even a very low amount of A-A or B-B reaction would inevitably lead to 
gelation. As described by Flory,[9] the classical polycondensation: one-pot polymerization of 
AB2 monomers, offers no control over molecular weight, and subsequently, gives rise to 
highly polydisperse polymers. However, the copolymerization of AB2 monomers with By 
molecules possibly introduces a tool not only to contr l the molecular weight and the molar 
mass distribution but also to control the resulting geometrical shape, as described for instance 
for hyperbranched aliphatic polyester synthesized from dihydroxymethylpropionic acid and 
trimethylolpropane.[20,21] Besides the lack of side reaction, an equal reactivity of the B 
functionalities and no internal cyclization reactions also have to be fulfilled in order to 
synthesize hb polymers successfully from ABx monomers by polycondensation. 
A typical example for synthesizing hb polymers by step-growth polycondensation is the 
preparation of hb polyphenylene reported by Kim and Webster[22,23] (Scheme 2.2). Highly 
branched polyphenylenes were synthesized from the AB2 monomers, (3,5-
dibromophenyl)boronic acid or 3,5-dihalophenyl Grignard reagents, which were derived from 
either 1,3,5-tribromo or trichlorobenzene. These monomers were condensed by Pd(0) and 
Ni(II) catalyzed aryl-aryl coupling reactions. Hyperbranched polyphenylenes with molar mass 
Theoretical Background 
 7
of 5000-35000 g/mol and polydispersities < 1.5 were obtained. This hb polymer with a Tg of 
236 °C exhibited good thermal stability and was soluble in many organic solvents. 
 
 
Scheme 2.2. Synthesis of hb polyphenylene by polycondensation of AB2 monomer.
[2] 
 
Bolton and Wooley[24] have prepared a hyperbranched aromatic polycarbonate by 
polycondensation of a monomer derived from 1,1,1-tris(4-hydroxyphenyl)ethane. Kim[25] also 
reported firstly the synthesis of hyperbranched aromatic polyamides by low temperature 
polycondensation of AB2 and A2B monomers. The synthesis of several types of hb polyethers 
were reported[26-28] by polycondensation as well. Including the several xamples of the step-
growth polycondensation mentioned above, this synthetic strategy has involved the 
preparation of a wide variety of other hyperbranched architectures.[29-32] 
 
Self-condensing vinyl polymerization 
The applied monomers in this method containing one vi yl group and one initiating moiety 
(AB* monomers), which are used to generate hb polymers through self-condensing vinyl 
polymerization (SCVP).[3] This polymerization was named as “self-condensing” vinyl 
polymerization because the polymerization was found to carry on by repeated step-wise 
couplings of chain-growing species.[19] Those monomers used in SCVP allow the propagation 
through the double bond (chain growth) and condensation of the initiating site B* with the 
double bond (step growth). The activated species could be a radial, cation, or a carbanion. For 
this strategy living/controlled polymerization systems are preferred in order to avoid 
crosslinking reactions and gelation caused by chain tr nsfer or dimerization reaction. 
The polymerization of AB* functional vinyl monomers i  fundamentally different from the 
step-growth polycondensation of AB2 monomers. Polymerization of AB2 monomers 
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immediately results in hb polymers since the reactivity of the end groups are the same, 
regardless of what type of repeat unit (linear or dendritic) that is formed. In the case of AB* 
monomers it is not obvious how the chain growth takes place. Depending on the chemical 
structure of the monomer there will be a competition between conventional, linear, chain-
growth polymerization via the double bond, and the branching reaction, where the group 
capable of initiation (B*), reacts with a vinyl group. If the reactivities of the two different 
propagating species are exactly the same one can imgine that a randomly branched system 
will be the result. However, all monomers applied in SCVP so far possess unequal reactivity 
of the propagating sites. 
Scheme 2.3 show clearly the SCVP process. AB* represents the activated monomer. The 
polymerization is initiated by the addition of B* to a vinyl group, which leaves a dimer 
carrying one double bond and two active sites, B*. Given the chemical structure of the 
monomer, it can be assumed that the reactivities of –CH* and B* are similar and that is why 
both the initiating B* group and the newly created propagating cation can react with the vinyl 
group of another molecule (monomer or oligomer) in the same way. 
 
 
Scheme 2.3. Schematic introduction of the self-condensing vinyl polymerization (SCVP).[13] 
 
The first hyperbranched vinyl polymer prepared by SCVP was presented by Fréchet and co-
workers[33] in 1995. In this report hb polystyrene was synthesized by the polymerization of 3-
(1-chloroethyl)-styrene in the presence of SnCl4 and tetrabutyl-ammonium bromide. Since 
then a number of different approaches, based on vinyl monomers and various initiating 
systems, have been explored to give hb polymers such as poly(chloromethyl)stryrene[34] and 
polyacrylates.[35] Müller et al.,[36] and Yan et al.[37] have discussed the structures of the hb 
polymers prepared by the SCVP process. A hb poly(methacrylate) was also prepared by 
polymerization of an AB* monomer containing a silyl ether.[38] 
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Multibranching ring-opening polymerization 
Multibranching ring-opening polymerization (MBROP) for the synthesis of hb polymers was 
not so widely used, so far, compared to those two intr duced above. The conceptional scheme 
of it is shown in Scheme 2.4. The monomer itself does not contain a branching point and 
branching points are generated through the propagation reaction. Therefore, the monomer can 
be recognized as a latent ABx monomer. The polymerization is promoted by the addition of 
proper initiators (I) to the latent ABx monomer. Ring-opening polymerization has an 
advantage over ordinary step-growth polymerizations i  that no low molecular weight 
compound has to be removed. This helps the formation of high molar mass products. 
 
 
Scheme 2.4. Conceptional scheme for multibranching ring-opening polymerization.[39] 
 
In 1992, Suzuki[39] firstly reported this synthetic technique to produce hb polyamines. This 
study involved preparation of the hb polyamines consisting of primary, secondary and tertiary 
amino moieties by palladium-catalyzed ring opening polymerization of 5,5-dimethyl-6-
ethenylperhydro-1,3-oxazin-2-one. MBROP has also been applied in the formation of hb 
polyethers. Frey and coworkers[40,41] synthesized hb polyglycerols by anionic MBROP using 
glycidol as the latent AB2 monomer. Penczek
[42] and Hult[43] reported the cationic ring-
opening polymerization of 3-ethyl-3-(hydroxymethyl)oxetane resulting in hyperbranched 
aliphatic polyethers. Fréchet et al.[44] published the formation of hb polyesters based on 5-(2-
hydroxyethyl)-ε-caprolactone by MBROP. 
 
Addition polymerization 
Addition polymerization of monomers that contain an initiating function and a propagating 
function in the same molecule, has also been known t  give hb polymers. Addition reactions 
allow for a good control of the polyreaction and can often be carried out under mild reaction 
conditions. Besides, addition polymerization offer the advantage of a very selective and high 
yield reaction not influenced by special functionalities, for instance Müllen et al.[45] reported 
the synthesis of hb polyphenylenes by a Diels-Alder (2+4) cycloaddition reaction. The work 
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of Huber et al.[46] described the preparation of hb polymer by ring-opening addition reaction. 
In this study, hb poly(ether amide) was synthesized without involving any side reactions in 
the case of solution reaction by nucleophilic ring-opening addition reaction of phenols on 
oxazoline units (Scheme 2.5). The product is a highly soluble, amorphous polymer with a low 
solution viscosity. Hyperbranched polyurethanes can be synthesized according to the work 
described by Spindler,[47] Kumar[48,49] and Feast.[50] Other usual addition reaction types have 
also been reported to generate hb polymers, such as polycarbosilanes[34,51] and etc.[2,4,14] 
 
 
Scheme 2.5. Hyperbranched poly(ether amide) by ring-opening addition polymerization.[14] 
 
2.1.2 Properties and characterization of hyperbranched polymers 
As a result of the increasing industrial interest and thus the intensive studies on hb polymers 
in last two decades, a large amount of different, even controversial or contradictory 
sometimes, information in this area are available now. Since a hb polymer contains terminal, 
linear and dendritic sub-units simultaneously in one system, the properties of these polymers 
are of course influenced by more factors, for example the nature of end groups and branching 
density, compared to that of normal linear polymers. However, the special properties of hb 
polymers, such as high solubility in common organic solvents and low solution viscosity, can 
be related to their highly branched architecture and the large number of functionalized end 
groups.[1] 
In general, it can be declared that most hb polymers possess the following special 
characteristics in comparison to the linear analogues: better solubility; enhanced compatibility 
with other polymers; lower solution viscosity; no or low crystallinity; poor mechanical 
properties; specific melt rheological behavior compared with linear analogue; strong 
dependence of glass transition temperature on the end functionalities.[1,4,19] 
Theoretical Background 
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It is well-acknowledged that a hb polymer having a highly branched structure and a large 
number of functional and/or polar end groups will have better solubility than a linear polymer 
only having two end groups. In solution, hyperbranched molecules adopt a more densely 
packed structure due to the high branching which results in the low solution viscosity. The 
high branching of the backbone also reduces the ability of crystallization and renders most of 
hb polymers amorphous, which together with a lack of entanglement of the hb polymer chains 
results in the poor mechanical properties of hb polymers, and usually the formation of brittle 
materials. Furthermore, the large amount of functioal end groups and the strong interaction 
especially of the polar end groups lead to unique melt rheological behavior. For instance, hb 
polymers with polar end groups exhibited a strong dependence of melt viscosity on the 
applied frequency and once the polar end groups were modified with non-polar functions, the 
melt viscosity was drastically reduced.[52-53] In addition, for linear polymers the melt viscosity 
increases linearly with increasing molar mass up to a critical molar mass where the viscosity 
drastically increases. This phenomenon is a result of the entanglement of the polymer chains 
and is not observed for hb polymers, indicating the lack of entanglement of the branched 
chains. Glass transition temperature is a very important parameter for polymer materials and 
normally is related to the relatively large segmental motions in the polymer chain 
segments.[19] However, for hb polymers a strong dependence of the glass transition 
temperature on the end groups instead of the chain architecture was often found.[54-56] 
For the characterization of hb polymers, it has been found that traditional size exclusion 
chromatography (SEC) coupled to a concentration detector (refractive index or UV detector) 
and subsequent interpretation of the results via standard calibration is not applicable.[46] For 
this purpose coupling of SEC with a molar mass sensitive detector as light scattering detector 
(LS) is essential. However, LS is not accurate in the case of low molar masses and for broadly 
distributed hb samples, and reliable information about the real molar mass distribution can not 
be directly obtained by this technique. Efforts for setting up a calibration curve (molar mass 
vs. elution volume) out of well defined dendritic polymer have been done for hb polymers.[57-
59] A potential solution for this problem is via linear fit of the dependence molar mass vs. 
elution volume over the whole area covered by the RI peak (Figure 2.2). Due to low quality 
of the MALLS signal in the low molar mass region, li ear fit of the molar mass dependence 
should be applied in order to obtain complete information about the molar mass distribution. 
Another approach is to use a sample specific calibration, which means that the calibration of 
chromatographic system for characterization of hb molecules shall be performed only through 
standards which posses the same structural characteristi s (chemical structure and topology) 
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as the investigated sample. These approaches work well on characterization of several hb 
polymers and were reported by Lederer and co-workers.[58,59] 
 
 
Figure 2.2. SEC-RI and SEC-MALLS traces of aromatic hb polyester and the molar mass 
dependence of the elution volume. 
 
Another complication in the SEC measurements are interactions between the hb polymer with 
polar end groups and the column material. This was observed with some systems and led to 
poor reproducibility of the molar mass results, forinstance the hb aromatic polyester 
produced from the well know monomer 3,5-bis(trimethylsiloxy)benzoyl chloride (3,5-
BCl).[60-63] The existence of a large number of phenolic OH end groups in the hb polymer is 
the origin of these problems. In order to obtain accurate molecular weight information of the 
hb polyester, the OH groups of the polymer have to be modified before the SEC 
measurement. Therefore, the results of molecular weight can not be taken as absolute values. 
Alternatively, a separation method without the use of a SEC column can be applied: the 
asymmetrical flow field-flow fractionation (A4F) method.[59,64,65] It works very well for 
estimating the molar mass of this AB2 type hb polyesters, especially with high molecular 
weight, based on the mechanism that the molar mass separation takes place not using porous 
column material, but a thin channel, through which the samples are transported by a laminar, 
horizontal flow.[66] This technique avoids the interactions between the hb polymers and 
column materials. 
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In addition to the methods used in characterization of ormal linear polymer, the degree of 
branching (DB) is especially important for characterizing hb polymers. The term “degree of 
branching” was firstly defined by Fréchet and coworkers[60] in 1991 to describe the different 
sub-units/substructures, such as focal, terminal, linear and dendritic units, in an AB2 hb 
polymer (Figure 2.1). The DB is commonly determined by nuclear magnetic resonance 
(NMR) spectroscopy on the basis of low molecular weight model compounds, which possess 
structures similar to the linear, dendritic and terminal units in the respective hb polymers. The 
DB is obtained by comparison of the intensity of the signals for the respective units. 
According to Fréchet[60] the DB value of the hb polymers based on AB2 monomers is 
calculated as by following Eq. (1): 
LTD
TD
DB
++
+=Fréchet  (1) 
where T, L, D are the fractions of terminal, linear and dendritic sub-units in the hb polymers 
obtained from integration of the respective signals in NMR spectra. Later Frey and Hölter et 
al.[67-69] derived a general expression of DB for the hb polymers based on the ABX (X ≥ 2) 
type monomers. They reported a modified definition of DB that is based on the growth 
directions shown as the Eq. (2): 
LD
D
DB
+
=
2
2
Frey  (2) 
The DB of hb polymers is between 0 and 1. The value of DB for a linear polymer would be 0 
as the end units of the linear chain are neglected, while the perfectly structured dendritic 
polymers such as dendrimers have a DB value of 1. Eq. (1) and Eq. (2) give almost the same 
DB values for hb polymers with high molecular weight. While for hb polymers with low 
molecular weights the expression of Eq. (2) is more applicable. Besides NMR, a second 
method based on the degradation of hb polymer skeleton has also been used to determine DB 
values.[70] 
 
2.1.3 Applications of hyperbranched polymers 
As mentioned above, poor mechanical properties of hb polymers have often been observed. 
This limits the application of hb polymers as bulk materials. However, due to their low 
viscosity and the large number of functional end groups hb polymers were often used as blend 
components or additives and coatings aiming for different effects. According to Kim et al.[23] 
hb polyphenylenes synthesized from AB2 monomers were blended with linear polystyrene. 
The resulting materials exhibited a reduced viscosity at high temperatures and an improved 
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thermal stability compared to pure polystyrene. The work of Massa and colleagues[71] 
reported a survey on blends of hb polyesters and liear polymers such as polycarbonate, 
polyesters and polyamides and showed that the chain architecture of polymers as well as 
strong interactions due to hydrogen bonding dominate the miscibility and phase behavior in 
the resulting blends. Additionally, the aromatic hb polyesters turned out to act as reinforcing 
filler in only partially miscible blends formed with polycarbonates. Schmaljohann et al.[72] 
used hb polyesters with alkyl modified end groups as dye carrier in polyolefins. The use of hb 
polyesters resulted in a reduced melt viscosity of the polyolefin and a much better distribution 
of the dye in the polyolefin matrix. Mulkern[73] observed a significant decrease of the melt 
viscosity of polystyrene (PS) and styrene maleic anhydride copolymers (SMA) on blending 
with hyperbranched polyols. However, the dependence of the viscosity on the hyperbranched 
polyol content was observed to be different for un-reactive (PS) and reactive (SMA) blends. 
A hyperbranched poly(ether amide) was blended with commercially available polyamide-6 
(PA6) by Huber et al.[53] and Böhme and coworkers.[54,74] The complex melt viscosity of the 
new materials was reduced even at small amounts of the hb polymer whereas the mechanical 
properties of the blends remained nearly constant. This was explained by the formation of 
hydrogen bonds between the hb polymer with the large number of hydroxyl groups and the 
polyamide. The work of Jang et al.[75] showed that a small amount of hb polyester with 
hydroxyl end groups could greatly reduce the relative crystallinity of a semi-crystalline 
polyethylene terephthalate (PET) through hydrogen bo ds between the OH groups of hb 
polymer and the carbonyl groups of PET. Hyperbranched aromatic polyamides were blended 
with PA6 by Monticelli et al.[76,77] for the purpose of using them as support material for 
palladium nanoparticles. The resultant blends were found to be fully miscible and were used 
as support material for palladium nanoparticles. Frey and co-workers[78] reported 
biodegradable blends obtained by mixing of dendritic poly(L-lactide) copolyesters and linear 
poly(L-lactide) and a complete miscibility of the rsulting blends was also observed. Simon et 
al.[79] discovered that the lower generation hb polyesters (BoltornTM type) showed shear-
thinning, whereas higher generation ones exhibited N wtonian dependency, which was also 
found in the blends if at least one blend component showed Newtonian behavior. The studies 
of the Khan group[80] on the rheological behavior of hb polyesters and their blends with linear 
polymers observed a drastic decrease of viscosity depending on the hb polymer concentration 
in blends. Recently, Li et al.[81] added hb poly(ester amide) to polylactide (PLA) by melt 
blending in order to reduce the melt viscosity of the material. It was found that melt blending 
2.5 % of hyperbranched poly(ester amide) with polylactide (PLA) resulted in a 40 % 
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reduction of melt viscosity. The hydrogen bonding between PLA and hb polymer was 
evidenced by analytic method. 
Combining the good solubility with low viscosity, hb polymers are also excellent candidates 
for application in coatings. Johansson and Hult[82] reported the hb polymer based on aliphatic 
polyesters with acrylate functions were investigated as crosslinker in coatings. It has been 
described by Malmström[83] that semi-crystalline powder coatings based on hb polyesters 
were synthesized. Later the use of hb polyesters based on AB2 monomers in different 
thermoset coating resin systems were studied by Johansson and co-workers.[84] In addition, hb 
polymers were reported to be utilized in sensors,[85,86] in molecular imprinting,[87] or as 
nanocapsules,[88] nanoporosity templating agents[89] and ion-conducting materials.[61] 
 
2.1.4 Hyperbranched aromatic polyesters 
Among the numerous types of hb polymers that have been investigated, hb polyesters have 
been studied in greatest detail both by academia and industry as a consequence of the readily 
availability of monomers and their potential applicat ons in large scale. Hb polyesters with the 
structures ranging from aromatic to aliphatic as well as partial aromatic/aliphatic structures 
are the subject of numerous publications.[5,20,21,56,59-63,65,90-107] 
Perhaps, among those, the hb polyesters that have been most extensively studied are the fully 
aromatic hb systems based on a 3,5-dioxybenzoyl building block[56,59-63,65,90-99] (Scheme 2.6). 
Kricheldorf in 1982[5] used the AB2 monomer 3,5-bis(trimethylsiloxy)benzoyl chloride (3,5-
BCl) as one of the monomers to prepare branched polyesters by copolymerization with 3-
(trimethylsiloxy)benzoyl chloride. Successful homo-p lymerization of 3,5-BCl, which was 
synthesized from 3,5-bishydroxybenzoic acid, to give fully aromatic hb polyester was 
reported by Fréchet[60] in 1991. Then following that a series of investigations focusing on this 
hyperbranched aromatic polyester were carried out mostly using the bulk (melt) 
polycondensation approach. 
 
 
Scheme 2.6. Repeating units of the hb aromatic polyester based on 3,5-dioxybenzoyl building 
block. 
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Wooley et al.[56,91] reported that the purification of monomer 3,5-BCl is a critical step for the 
preparation of this hyperbranched aromatic polyester. The monomer 3,5-BCl is very sensitive 
to ambient moisture and a small amount of impurity in the monomer leads to the failure of the 
melt polycondensation and results in an insoluble product. The hb polyester terminated with 
phenolic end groups was obtained after pouring the solution of crude products into methanol 
for methanolysis of the trimethylsiloxy groups. The resulting hb polymer possessed a DB of 
0.55-0.6 and a glass transition temperature (Tg) of 190-210 °C. However, the Tg value could 
be decreased dramatically by chemical modification of the hydroxyl end groups with 
monobenzyl adipic acid ester. The molecular weight of the hb polyester was found to increase 
with increasing the polymerization temperature, reaction time and amounts of catalysts. 
Turner and coworkers[92] reported that both the monomer 3,5-BCl and the mono er 3,5-
diacetoxybenzoic acid can be used to prepare fully aromatic hb polyesters in a similar way. 
The resulting hb polyesters carried trimethylsiloxy or acetoxy end groups respectively, and 
both end groups could be hydrolyzed to give the AB2 hb aromatic polyesters with phenolic 
end groups (Scheme 2.7). 
 
 
Scheme 2.7. Synthesis of hb aromatic polyester based on 3,5-bis(trimethylsiloxy)benzoyl 
chloride and 3,5-diacetoxybenzoic acid.[92] 
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These two hb polymers exhibited approximately the same properties, except that the 
polymerization of 3,5-diacetoxybenzoic acid at 250 °C gave a hb polymers with high weight 
average molecular weight (Mw) > 1 000 000. This value was derived from the acetoxy end 
group hb polyester samples by SEC determination with multi-angle laser light scattering 
(MALLS) detection. Tg values of the hb polymers with different terminal groups were also 
varied from around 150 °C (the hb polymer with acette end group) to about 210 °C (the hb 
polymer with hydroxyl end groups).[92] 
Later, Schmaljohann and coworkers[63,93] studied the kinetics of the polycondensation of the 
monomer 3,5-BCl using 1D and 2D NMR techniques. The structure of the resulting hb 
polymer after the hydrolysis of the trimethylsiloxy and acid chloride groups was well 
assigned. They investigated the kinetics of this system and found that their experimental data 
agree well with the those by computer simulation. They eventually also tried to conceptualize 
the applied evaluation approach which can be used in other systems as well. 
Linear polymer, dendrimers, and hb polyesters, based on the 3,5-dioxybenzoyl building block 
have all been prepared and the properties have been compared.[62] Studies on this hb polyester 
with hydroxyl terminated groups as thin films were p rformed with various analytical 
methods lately in the research group of Voit.[94-97] Extensive synthesis and characterization 
have also been done recently by Lederer[65,98] on the synthesis of this AB2 hb aromatic 
polyester applying solution polymerization instead of the melt polycondensation. Two other 
investigation concerning about the applications of this hb polyester were also reported.[71,72] 
5-Acetoxyisophthalic acid was used as another AB2 monomer for preparing hb aromatic 
polyesters by Turner et al.[99] The hb polyester was synthesized by melt polymerization of the 
monomer at 250 °C. Treatment of the crude product in mixture of tetrahydrofuran/water gave 
a hb polyester having carboxylic acid end groups with a DB value of 0.5 (Scheme 2.8). 
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Scheme 2.8. Synthesis of hb aromatic polyester based on the 5-acetoxyisophthalic acid.[99] 
 
Besides the polycondensation from AB2 monomers, a relatively easy way to prepare hb 
polyesters based on the A2+B3 approaches was also reported. Lusic and Fossum
[100] presented 
hb aliphatic polyesters prepared by reaction of fumaric acid and trimethylolpropane, and the 
ratio of these two reagents was varied. Another hb aliphatic polyester was synthesized by 
Stumbé et al.[101] by an A2+B3 approach using glycerol and adipic acid. Many studies about 
the A2+B3 route to hb polyesters were also done in the group of Long
[8,102-104] and several 
A2+B3-type hb polyesters were reported. Furthermore, theoretical investigations on the 
kinetics of A2+B3 hb systems by polycondensation reactions were carried out.
[105-107] 
Recently, Reisch[7] synthesized another A2+B3 hb aromatic polyester in a similar way as that 
described by Long but using different monomers. Reisch used the A2 monomer: terephthaloyl 
chloride and the B3 monomer: 1,1,1-tris(4-hydroxyphenyl)ethane or its silylated derivative 
1,1,1-tris(4-trimethylsiloxyphenyl)ethane (Scheme 2.9), for polycondensation. The A2+B3 hb 
aromatic polyesters with OH terminal groups thus were prepared easily by one-step 
polymerization. Both melt polycondensation and soluti n polycondensation were applied for 
synthesizing the hb polyesters. A kinetic study of the melt polycondensation of these A2 and 
B3 monomers was also carried out by Komber and coworkers.
[6] It was found that the 
computer simulation based on one theoretical model le  to a good agreement of experimental 
data for the development of the different structural nits of the melt polycondensation of this 
A2+B3 system with the simulated curves. 
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Scheme 2.9. The A2, B3 monomers and the linear repeating structure of the corresponding hb 
aromatic polyester. 
 
 
2.2 Polymer blends 
Polymer blends (or alloys) are mixtures of two or more polymers with one or more excellent 
properties that contribute to or are required for the desired specific purposes.[108] The 
properties enhancement derived from the combination of different materials provide 
advantages to users, for instance better processability, h gher mechanical properties, higher 
thermal or chemical resistance and so on. And these often combine with a lower price for 
preparing the blend materials. The first polymer blend involving poly(vinyl chloride) and 
butadiene-acrylonitrile copolymer has already been commercially available in early 
1940s.[109,110] Since then polymer blends attracted more and more attention and became one of 
the most rapidly growing areas in polymer material science. Polymer blends received 
intensive research and development during the past three decades. As important and high 
performance materials, polymer blends have been applied in numerous areas, such as 
automotive industry, aircraft industry, packaging industry, and electronic and electrical 
industry.[111-113] 
The reason for polymer blends attracted so much resea ch attention is the ability of polymer 
blends to combine available polymers into new compositions with anticipated and useful 
properties, which offers the advantage of reduced research and developing cost compared to 
the development of new polymer materials to provide similar properties. From the industrial 
point of view, polymer blends can also quickly respond to the market needs. An additional 
advantage is that the polymer blends can often offer property profiles combinations not easily 
obtained with new polymeric structures.[114] 
Normally with respect to the phase behavior, three diff rent types of polymer blends can be 
distinguished as: miscible, partially miscible and immiscible (or phase separated) blends.[115] 
Miscibility is considered to be the scale of mixing of polymeric components of a blend 
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yielding a material which exhibits the properties exp cted of a single phase material.[114] In 
completely miscible blends it will be expected that mixing of components reach the 
nanometer scale, for which the heat of mixing can only be negative.[115] While as far as known 
most part of blends are fully immiscible. They do not fulfill the thermodynamic conditions of 
phase stability and have phase separated morphology.[116] Partially miscible blends are formed 
if part of one component is dissolved in other, which maybe visibly homogeneous and 
improved properties for instance known also as compatible blends. 
Miscible or compatible polymer blends are of most interested due to their satisfactory 
properties, which is often intermediate between that of the original components. While the 
immiscible or phase separated systems exhibit mechanical incompatibility due to the weak 
adhesion at the interface between the component phases. Compatibility is always used to refer 
to achievement of useful properties by blending two polymers. In general, mechanical 
properties of resulting blend materials are applied to indicate the degree of compatibility. And 
better compatibility can be achieved by modification f the interface through formation of 
bonds between the components, which is known as compatibilization.[116] 
 
2.2.1 Preparation of polymer blends 
In many cases polymer components are immiscible to ach other,[116] and therefore, their 
blends are not formed spontaneously. Furthermore, the phase structure of polymer blends 
depends on the process of the preparation. Five diff rent methods are used for the preparation 
of polymer blends: melt mixing, solution blending, latex mixing, partial block or graft 
copolymerization, and preparation of interpenetrating polymer networks.[117,118] It has to be 
mentioned that due to high viscosity of polymer melts, one of these methods is required for 
size reduction of the component phases (to the order f micrometer), even for miscible blends. 
Melt mixing is the most widespread method for polymer blend preparation in practice. The 
blend components are mixed in the molten state in extruders or batch mixers. Advantages of 
the method are well-defined components and universality of mixing devices, the same 
extruders or batch mixers can be used for a wide range of polymer blends. Disadvantages of 
the method are high energy consumption and possible unfavorable chemical changes of blend 
components. 
Solution blending is frequently used for the preparation of polymer blends on a laboratory 
scale. The blend components are dissolved in a common solvent and intensively stirred. The 
blend is separated by precipitation or evaporation of the solvent. The phase structure formed 
in the process is a function of blend composition, interaction parameters of the blend 
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components, type of the solvent, and history of its separation. Advantages of the process are 
rapid mixing of the system without large energy consumption and the potential to avoid 
unfavorable chemical reactions. On the other hand, the method is limited by the necessity to 
find a common solvent for the blend components, and in particular, to remove huge amounts 
of organic solvent. Therefore, in industry, the method is used only for preparation of thin 
membranes, surface layers, and paints. 
A blend with heterogeneities on the order of 10 micrometer can be prepared by mixing of 
latexes without using organic solvents or large energy consumption.[116] High energy is 
needed only when it is necessary to remove water and to achieve finer dispersion finally. The 
total energetic consumption of this type process is usually less than that for preparing blends 
by melt mixing. The necessity to have all components i  latex form limits the use of this 
method. 
For the partial block or graft copolymerization, hom -polymers are the primary product.[116] 
An amount of a copolymer sufficient for achieving good adhesion between immiscible phases 
is formed during processing. 
The last procedure for synthesis of polymer blends is by formation of interpenetrating 
polymer networks.[116] E.g. a network of one polymer is swollen with the other monomer or 
pre-polymer, after that, the monomer or pre-polymer is crosslinked. 
 
2.2.2 Characterization of polymer blends 
Since polymer blends are produced from polymers, all of the characterization techniques for 
polymers can also be used for analyzing polymer blends. On the other hand, many new 
analytical techniques have already been developed especially for blends. The existence of 
complicated phase morphology in polymer blends is the main reason for different 
characterization or analysis methodologies which are needed to understand and to interpret 
the blend systems and to predict their properties. 
Phase stability is normally the main concern in polymer blend characterization.[119] 
Differential scanning calorimetry (DSC), dynamic mechanical analysis (DMA), rheological 
measurement, scanning electron microscopy (SEM), transition electron microscopy (TEM), 
time-resolved light scattering (TRLS), and X-ray and eutron scattering are often used to 
determine the miscibility of the system and to follow the phase separation kinetics or the 
morphological development. Techniques such as infrared (IR) spectroscopy  and NMR 
provide structural characterization. Atomic force microscopy (AFM), Neutron and X-ray 
reflectometry have been applied as important tools for surface and interface characterization. 
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Moreover, SEC is also frequently used in the investigation of polymer blends, usually for 
detecting the molecular weight changes or reactions of the blend components during blending. 
 
A number of useful analytical and characterization methods have already been developed for 
polymer blends allowing for an improved understanding of the nature of miscibility and phase 
behavior, as well as the relation between them and the resulting properties of the materials. In 
the following, selected characterization techniques ar  briefly discussed. 
 
Differential scanning calorimetry 
In a DSC measurement the thermal transitions are detected and measured as the sample and 
the reference are heated or cooled, normally in a nitrogen atmosphere. Most commonly used 
sample holders are aluminum pans, and the reference is a similar empty pan or a pan 
containing an inert material, such as anhydrous alumina.[119] The DSC measurements are 
based on the heat or temperature difference of the sample and the reference according to the 
power-compensation type or the heat-flux type instruments, respectively. DSC is the most 
useful indirect method for analysis of polymer blend. Glassy, crystalline, or reactive polymers 
and their combinations can all be studied by DSC. DSC is more than a tool for detecting 
transitions, phase changes, and reactions. The kinetics of these processes can also be studied. 
The thermal history of the materials is important i controlling the structure. DSC can 
measure the changes brought about by thermal history. Because DSC is able to provide all 
types of time-temperature programs, complex thermal histories can be imparted on samples to 
study the changes brought about by the histories. Standard conditions can be used to anneal a 
polymer material, special thermal histories can be designed to model processing, or lifetime 
thermal histories can be imparted. 
DSC is also a very powerful tool to investigate themiscibility of polymers. Miscibility 
requires very strong interactions to overcome the unfavorable entropy of mixing. Full 
miscibility implies a single-phase blend so that the DSC will observe a single glass transition, 
a single crystallization, and a single melting transition. An immiscible blend, in contrast, will 
show two inflections or endotherms due to the glass transition and/or melting endotherms, 
although they are expected to change from those of the pure components. 
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Rheological method 
Rheology is a fundamental technique which concerns the internal response of materials to 
stresses or deformations. Polymers or polymer blends are generally viscoelastic materials, that 
is, they show both elastic and viscous behavior. 
Elasticity is a type of behavior in which the deformed material returns to its original shape 
when the deformation or stress is removed. On the or hand, viscosity is the property of a 
material that involves resistance to continuous deformation. Unlike elasticity, the stress is not 
related to the amount of deformation, but to the rate of deformation. However for a 
Newtonian fluid, the viscosity is a constant that does not depend on the rate of strain or shear 
rate. 
Normally an oscillatory rheometry is used for characterizing rheological behavior of polymer 
materials, and the test method for that fall into tw  categories.[119] The first one includes the 
balance rheometer and the orthogonal rheometer, which involve a steady rotation of boundary 
surfaces at the same angular velocity. The second category, which could be referred to as 
conventional rheometers, can be divided into two groups. Those operating at controlled-strain, 
and those rheometers that operate with a controlled harmonic torque (rotary rheometers) or 
force (linear-displacement rheometers) applied to aboundary surface are referred to as the 
controlled-stress rheometers. 
Rheology of blends relates to the flow of these polymer materials in the liquid (rubber) 
viscoelastic state. In general, the measurement will involve blends with glass transition 
temperature (Tg) and melting temperatures (Tm, if crystalline) below the test temperature, 
although conditions may exist where a discontinuous phase exhibits a Tg or Tm above the test 
temperature. The rheological properties are influenced not only by the liquid viscoelastic 
properties of the components, but also by the different morphologies that exist and can change 
during high strain deformation typical during melt processing. In fact, the morphology affects 
the observed flow (viscosity) and the flow (viscous deformation) also affects the morphology. 
For steady flow, viscosity η is defined as the ratio of stress σ and shear rate 
•
γ .[114] 
•
= γση /  (3) 
For dynamic flow, the complex viscosity η* is defined as in Eq. (4): 
ωω
ωη ''')(* GiG −=  (4) 
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So the value of complex viscosity can be calculated s in Eq. (5): 
ω
η
22 )''()'(
*
GG +
=  (5) 
Where ω is frequency, G’ and G’’ is called the storage modulus and loss modulus, 
respectively. And they can also be interpreted in terms of energy storage and loss, 
respectively. 
 
Scanning electron microscopy 
SEM is a popular method for examining the morphology f a polymer blend. This technique 
focuses an electron beam onto the surface of the specimen, and the emission of electrons from 
the specimen is detected and amplified to obtain an image. The accelerating voltage is 
normally in the range of 1-40 kV. The resultant image is often viewed on a video monitor. 
The resolution achievable ranges down to 2 nm.[114] SEM exhibits a relatively large depth of 
field, thus can show topological features better than other microscopy methods. Samples 
require surface conductivity, thus a thin layer (2-10 nm) of a conductive metal is sputtered 
onto the surface of the specimen. Staining and etching processes can be employed to provide 
improved contrast. SEM is particularly useful for observation of fracture surfaces. In order to 
emphasize the surface features, chemical (solvent or acid exposure) or plasma etching is often 
used. Cryogenic fracture or cutting are also employed to provide surfaces with better defined 
topological features than possible with room temperature fracture. Particles, such as impact 
modifiers, will often be exposed and debonded during cryogenic fracture providing the 
desired contrast. 
 
Transition electron microscopy 
TEM provides one of the major microscopy techniques sed for polymer blends.[114] TEM is 
analogous to transmission optical microscopy in that an electron beam instead of a light beam 
is employed. The wavelength of electrons allows for higher resolution (~0.2 nm)[114] and thus 
much smaller dimensional resolution than optical method. TEM samples must be thinner to 
allow electron beam penetration (in the range of 100 nm). Ultramicrotomy is required and 
diamond knives are often used at cryogenic temperatures to achieve the ultra-thin specimens 
utilized for this method. High vacuum is employed during measurement, because electron 
scattering by air molecules can distort the desired image. Electron beam is formed with high 
accelerating voltages (100-400 kV)[114] and viewed on a fluorescent screen. Low atomic 
number elements have limited scattering ability, thus the key to employ TEM successfully 
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involves developing phase contrast of the components in blends. Metal oxides, such as 
osmium tetroxide (OsO4) and ruthenium tetroxide (RuO4), are the most common staining 
materials used. Samples are typically ultramicrotomed and exposed to metal tetroxide vapor, 
aqueous or organic solutions. 
 
Nuclear magnetic resonance 
NMR spectroscopy exhibits advantages over other spectroscopic and analytical techniques 
which make it suited to characterize the most types of polymer blends. These advantages arise 
largely from the fact that the NMR signal develops over a period of time up to several 
seconds.[119] Therefore the NMR experiment is sensitive to relaxation process that can last 
several seconds. The NMR experiment is thus sensitive to a range of processes occurring at 
frequencies from approximately 108 to 10-1 Hz. These processes might range from rapid 
molecular reorientation of side groups, to cooperative motions associated with the glass 
transition, to diffusion of the NMR magnetization throughout a heterogeneous blend. It is well 
known that NMR can provide information on chemical structure, whether changes in structure 
during blending or identification of individual components in a blend. If care is taken, such 
spectra can also give a quantitative measure of the structure and composition of a blend. The 
observation of shift for the peak position in the spectra of blends has often been seen as 
evidence of strong intermolecular interactions betwe n the constituent polymers in the blend. 
The details of mixing of the polymer chains can be m asured by a series of experiments, 
including measurements of spin diffusion, which probes phases in the range of tens to 
hundreds of nanometers, to correlation experiments that are sensitive to details of local-chain 
packing. Changes in molecular motion during blending can also be studied by measurements 
of relaxation times or changes in NMR line shape. And even the macroscopic structure can be 
measured in some cases by NMR imaging. 
 
Tensile testing 
Tensile testing of polymer materials usually means the recording of load-elongation curves. 
Because of its simplicity, it is widely applied for quality control, characterization, and 
research and development.[119] Tensile testing is probably the most frequently used technique 
for the characterization of polymers and their modifie  systems. Also, creep and stress 
relaxation measurements are usually carried out in tensile loading in the linear viscoelastic 
region of deformation. The time-dependent mechanical ch racteristics determined depend on 
molecular characteristics, and they are often used for engineering purposes. In tensile testing, 
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usually force versus elongation curves are measured, but only characteristic values are 
reported in practice. The processes behind these values can be very different in homo-
polymers and in blends, deformation takes place at the molecular level in the former case, 
while micromechanical processes dominate in the latt r. Beside shear yielding and crazing, 
de-bonding and cavitations also play an important role in the determination of yield and 
fracture properties. Tensile characteristics depend strongly on temperature, time, and 
deformation rate, and in blends, component properties, composition, structure, and interaction 
between components also considerably influence the det rmined characteristic values. In spite 
of the simplicity of the measurement, the evaluation of the results can be complicated 
especially in blends, but proper interpretation may supply valuable information about the 
most important factors influencing blend properties. 
 
As polymer blends are quite complex systems, a combination of different methods for 
complete description of their nature of their different properties is usually employed instead 
of only one of the characterization techniques. 
 
2.2.3 Hydrogen bonding interactions 
Specific interactions play a very important role in many observed miscible polymer blend 
systems. For instance, hydrogen bonding offering the ability to yield miscibility in numerous 
polymer blends has been well known.[114] Hydrogen bonding characteristically involves a 
bond between hydrogen (proton donor) and another group (proton acceptor or electron 
donor). Many hydrogen bonding groups have the capability of being donors and acceptors for 
both electrons and protons. They thus have the capability of self-hydrogen bonding or self-
association. On the other hand, the inter-associatin, shown in Scheme 2.10, can also happen 
between the proton donor and acceptor from different functionalities. 
 
 
Scheme 2.10. Schematic representation of hydrogen bonding. 
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Depending on the combinations of the proton donors and acceptors, the hydrogen bonds are 
strong or weak. Normally, the hydrogen bonds with bond energy of 60-170 kJ/mol are 
classified as strong hydrogen bonds, 15-60 kJ/mol as moderate hydrogen bonds, and 4-15 
kJ/mol as weak hydrogen bonds.[120] In general, the hydrogen bond is a directed attractive 
interaction between electron-deficient hydrogen and region of high electron density (proton 
acceptor). Therefore, the strength of the hydrogen bo d is directly related to all the factors 
affecting the proton donor, the proton acceptor, and the accessibility of the donor and 
acceptor. Among these, the chemical and stereo structures of the donor and acceptors are 
essential in determining the strength of the hydrogen bonds, as well as the environment 
conditions, such as the temperature and pressure. 
The existence of hydrogen bonds influences the properties of polymer blends significantly. 
The strong inter-associated hydrogen bonds between th  components can enhance the 
miscibility of the polymer blends, and consequently, a blend with higher Tg due to the 
formation of hydrogen bonds than that predicted by a linear additivity rule is often 
observed.[52,121-123] For polymer blends containing a crystalline component, the formation of 
inter-associated hydrogen bonds usually induces that crystallization of the crystalline 
component in the blends is suppressed and the melting point is lowered due to the specific 
interaction.[124,125] Since the crystallinity of the blend is suppressed, the mechanical properties 
are thus influenced simultaneously. Other properties, such as surface properties,[126,127] can 
also be modified by the formation of hydrogen bonds i  blends. 
 
2.2.4 Reactions in polymer blends 
Reactions in polymer blends are often applied to improve the blend properties, for instance 
the miscibility. Practically, polymer blends are pre ared by melt mixing rather than by 
blending in solution. Unfavorable interactions betwen the molecular segments of the 
components result in a high, interfacial tension in the melt, which makes it difficult to 
disperse the components properly during mixing. It brings about phase rearrangements under 
low stress, which results in variation of properties. Moreover, poor interfacial adhesion in the 
solid state causes premature, mechanical failure and brittle behaviour, as weak interfaces may 
act as defects.[128] The way to overcome most of the problems is compatibilization, especially 
by reactions. 
Interchange reactions between different polymers in ble d can lead to compatibilization and 
often to miscibility between polymers that are typically phase separated. A good example for 
that involves ester interchange between polyester and polyester/polycarbonate blends.[129] The 
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examples include polyarylate and bisphenol polycarbonate. This blend is phase separated 
without ester-exchange reactions. Melt mixing promotes ester exchange, leading to block 
copolymer formation and a transition from a phase separated blend to a miscible blends. 
Other reactions such as transamidation reactions in polyamides can also occur and lead to 
improved miscibility. The reactions can also result in decreased crystallinity and 
crystallization rate when crystalline polyamides are involved. Ester-amide interchange 
reaction of the random liquid-crystalline polyester copoly(oxybenzoate-terephthalate) and 
polyamide 6 (PA6) investigated by carbon NMR was decribed by Ho and Wei.[130] The 
kinetics of the exchange reaction were studied. Acid-amide interchange reactions have been 
reported in styrene-acrylic acid copolymer blends with polyamides.[131] The alternating 
placement of -CO-NH- groups along the chain of polyamide allowed for branching and also 
crosslinking. Another work investigated the exchange reaction occurring by attack of active 
amino terminals to the inner carbonate groups in the blends of nylon 6 and polycarbonate.[132] 
Reactive blends of PA6 and polyester elastomers using coupling agents were prepared and 
investigated by Kim et al.[133] In addition, the miscibility for a variety of polyester blends and 
the relationship between the miscibility and transesterification in the blends were discussed by 
Poter et al.[134] and it is stated that in some cases the miscibility is caused directly and only by 
interaction of components. Schneider[135] investigated the glass transition behaviour and 
interactions in compatible polymer blends theoretically. In the article of Macosko et al.[136] the 
application of polymer reaction in homogeneous melt to increase adhesion and for the 
solvent-free synthesis of copolymers was reported. The fractal morphology of immiscible 
reactive polymer blends was studied by Schlatter et al.[137] A commercial hb polyester based 
on bis(hydroxymethyl) propionic acid was used as a crosslinking agent for the formation of 
polyurethane networks.[138] 
 
Besides polymer-polymer reactions mentioned above, low molecular components or 
chemicals are also used to induce reactions in blends for some special purpose. The controlled 
degradation of polyamide by the reaction with amide/anhydride by reactive extrusion has 
been studied and confirmed by measurements of solution viscosity, end group analysis, SEC, 
NMR and IR spectroscopy.[139] 
 
2.2.5 High temperature polymer blends 
Recently, requirements for polymer materials in certain applications, for example for use at 
high temperature, have become increasingly severe. Applications at higher temperatures for a 
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certain period of time have emerged as stated requir ments for some materials, e.g. those used 
for making engine components in the automotive and ircraft industry. High temperature 
polymer materials are defined as materials which can be used at 175 °C and above.[140] 
Similarly, high temperature polymer blends can also be defined. It has to be mentioned that 
amorphous materials used at 175 °C should have a glass transition of 200 °C, meaning about 
25 °C higher than the actual service temperature. Th  service temperatures of semi crystalline 
materials are largely determined by their melting temperature. However, semi crystalline 
materials with a melting temperature less than 400 °C are desirable since degradation will be 
a competitive reaction usually when melt processing needs to be performed above 400 °C. 
Most of the high temperature polymer materials contain heteroaromatic units, for instance 
imidazole or aromatic imide, possess restricted rotation in the backbone. In fact, it is this 
restricted rotation that leads to the high glass transition temperature or high temperature 
resistance of the materials. MacKnight and co-workers[141] examined blends which are based 
on polybenzimidazole with a series of commercially available polyimides, and miscible 
blends with high temperature resistance were observed. Tiwari et al.[142] also studied and 
reported high temperature polymer blends recently. They investigated the blend system of 
polysiloxanes and aromatic polyimide, and found that decomposition of blends has been 
retarded due to the presence of the dispersed polysiloxane. This offers a method to improve 
the thermal stability of materials by blending. 
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3. Results and Discussion 
3.1 Synthesis and characterization of AB2 hb polyesters 
In this study two hb aromatic polyester systems based on AB2 and A2+B3 approaches were 
synthesized and investigated. The first one, AB2 hb aromatic polyester (P1) was prepared by 
melt polycondensation of the well-know AB2 monomer, 3,5-bis(trimethylsiloxy)benzoyl 
chloride (3,5-BCl). Synthesis of 3,5-BCl is a crucial step for the preparation of the AB2 hb 
polyester. Investigation on copolymerization of theAB2 monomer with a core molecule and 
modification of the end groups of the AB2 hb polyester were also carried out. 
 
3.1.1 Synthesis of AB2 monomer 
 
 
Scheme 3.1. Schematic synthetic route of the preparation of the AB2 monomer. 
 
The AB2 monomer, 3,5-BCl (2), was synthesized according to the literature
[143] (Scheme 3.1). 
In the first step 1,1,1,3,3,3-hexamethyldisilazane (HMDS) was reacted with 3,5-
dihydroxybenzoic acid (DHBA), followed by the conversion into the acid chloride. After the 
formation of the substituted benzoyl chloride, the product was further purified by distillation 
under vacuum (10-3 mbar). This distillation step is critical for achiev ng a good yield of the 
monomer (2) and also a successful polycondensation to obtain the AB2 hb polyester later. 
However, as it has already been described by reports,[56,91,92,143] the monomer is quite reactive 
and very sensitive to the ambient environment (for instance humidity), thus sometimes a 
premature polymerization of the monomer (2) could happen during the distillation and 
resulted in a significant drop of the yield and gellike products. Thus normally only a yield of 
~33 % was reached using the available distillation system in the lab. However, according to 
the work of Wooley and coworkers[62] the yield of the monomer (2) was as high as about 75 
% by using benzene as solvent. But benzene is carcinogenic and using toluene instead of 
benzene as solvent is also reported by Schmaljohann[143] to achieve an acceptable yield (54 
%). So that in this work toluene was always applied as solvent in the synthetic experiments. 
For the purpose of further increasing the yield of the monomer (2), another distillation method 
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was tried by using a Short Path Distillator (SPD) system from UIC GmbH (Figure 3.1). The 
advantage of the SPD system is the gentle distillation of the monomer (2) due to the low 
temperature (distilled at 90-100 °C) applied only for short time. Consequently, the unwanted 
premature polymerization of the monomer could be mini ized and the distillation time of the 
monomer was shortened as well. Finally, about 150 g of pure monomer were obtained (yield 
~50%). An even further increase of yield could be realiz d by optimization of the distillation 
conditions of this SPD system. 
 
   
Figure 3.1. Distillation of the AB2 monomer by SPD system. 
 
3.1.2 Synthesis of AB2 hb polyester 
 
 
Scheme 3.2. Synthesis of the AB2 hb polyester. 
 
By melt polycondensation of the monomer (2), the fully aromatic AB2 hb polyester with free 
phenolic end groups was obtained after hydrolysis of trimethylsiloxy groups (Scheme 
3.2).[143] Trimethylchlorosilane is the by-product of the conde sation reaction which was 
expected to be removed from the reaction system by vacuum. During the melt 
polycondensation of the AB2 monomer, the viscosity of the reaction mixture increased 
continuously. The high viscous product then stuck to the stirrer and stayed away from the wall 
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of the reaction flask, which resulted in a differenc  of the diffusion rate through the high 
viscous melt mixture from the inner part to outside. Consequently, the by-product can not be 
easily removed by vacuum. After melt polymerization the product was dissolved in a desired 
volume of tetrahydrofuran (THF) and then the THF soluti n was dripped slowly into water 
for precipitation. At first, precipitation was perfo med in water and later repeated in a 
hydrochloride (HCl) solution. The HCl solution was pplied in order to remove residual 
impurities (by-product trimethylchlorosilane or its derivative hexamethyldisiloxane). It 
worked very well even in low concentrations of HCl (for instance 0.1 N), although the 
mechanism of this treatment is not very clear till now. 
In this work several batches of the AB2 hb polyesters (P1-1,P1-2) were prepared. For the 
purpose of further investigation on melt modification of linear polyamide with this hb 
polyester, one batch of the AB2 hb polyester (P1-up) was synthesized in scale-up experiment. 
In addition, in order to convert the acid chloride functionalities of monomer as much as 
possible to achieve a decrease of the amount of carboxyl acid groups in final product, the AB2 
monomer was also copolymerized with a core molecule to yield a hb polyester with core (P1-
core). 
 
3.1.3 Characterization of AB2 hb polyesters 
 
Table 3.1. Characterization data of the AB2 hb polyesters. 
DB a (%) Molar mass c Sample Reaction 
time (h) Frey Fréchet 
Tg  
(°C) 
T at 10 % weight 
loss b (°C) Mn (g/mol) Mw (g/mol) PD 
P1-1 5 56 58 220 373 25000 d 45000 d 1.8 d 
P1-2 7 55 56 221 380 44000 147000 3.3 
P1-up e 7.5 56 57 221 366 57000 160000 2.8 
P1-core f 5.5 55 57 213 363 20000 32000 1.6 
a determined from NMR signal intensities of corresponding sub-units, relative error: 10 %; calculation was done 
according to the reported method;[143] 
b values determined by dynamic thermal gravimetric analysis (TGA) measurements under nitrogen; 
c molar mass were determined by Asymmetric Flow Field Flow Fractionation (A4F) measurements; 
d values of this sample were not accurate since a cut off of low molar mass happened during the A4F 
measurement, which led to a relatively lower PD; 
e AB2 hb polyester synthesized in scale-up; 
f AB2 hb polyester with core molecule. 
 
A summary of the characterization data of all of hb polyesters based on the AB2 monomer is 
shown in Table 3.1. Fully soluble aromatic AB2 hb polyesters with high glass transition 
temperatures (Tg ~220 °C) were obtained. Polymers with a DB of about 55 % in very high 
yield (~98 %) were achieved. Except for the molar mass two batches of AB2 hb polyesters 
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(P1-1 and P1-2) showed a quite good reproducibility. The higher molar mass of P1-2 resulted 
from the longer polymerization time, which corresponds also to results reported in previous 
work.[60,62,143] Detail information about the characterizations of these hb polyesters are given 
in the following chapters. Additionally, melt rheological behavior of the AB2 hb polyester 
was also investigated, but will be introduced in another chapter together with result of the 
second hb aromatic polyester for the purpose of comparison. 
 
NMR measurement 
The structural information of the resulting AB2 hb polyester was provided by 
1H-NMR 
measurements (Figure 3.2). The assignments of the signals from different sub-units (t-
terminal units, l-linear units and d-dendritic units) were done according to those described by 
Schmaljohann.[143] The signals from the protons of aromatic ring (δ = 7.6-8.25, 7.3-7.58 and 
ppm) were used for the calculation of DB according to the methods of Fréchet[60] and Frey[67] 
Signals at δ = 7.6-8.25 ppm stand for the three protons (H3,5,7) from dendritic units, signals at 
δ = 7.3-7.58 ppm represent the two protons (H5,7) from linear units, and signal at δ = 6.4-6.5 
ppm for the proton (H3) of terminal units. Through the intensities of these signals the DB of 
AB2 hb polyester was easily estimated. 
 
 
Figure 3.2. The atom positions and 1H NMR spectra (in DMSO-d6) of AB2 hb polyester. 
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Molar mass determination 
For the molar mass determination of the AB2 hb polyester it has to be mentioned that the 
reproducibility of SEC measurements was poor. As already reported by previous work,[60-
63,143] this behavior is due to the large number of polar end groups (phenolic OH groups) in the 
AB2 hb polyester. Strong interactions between the AB2 hb polyester and the column material 
were observed during SEC measurements and resulted in an ineffective size separation and 
poor reproducibility of the molar mass results. This effect becomes even stronger at higher 
molar masses of the hb polymers, where the absolute number of the functional groups, and the 
number of interaction points with the column material, respectively, is strongly increased. 
Modification of the functional end groups could lead to a decreased interaction with the 
column material,[63] however, the polymer also changes its solution properties and elution 
behaviour, hence adequate molar mass separation cannot be ensured. A suitable alternative to 
SEC and end group modification for the separation of multifunctional branched polymers is 
the asymmetrical flow field-flow fractionation (A4F) method.[59,64,65] 
A4F is a powerful tool for size determination of particles in a range of approx. 10 000 g/mol 
up to a few micrometers. The separation takes place not using porous column material, but a 
thin channel, through which the samples are transported by a laminar, horizontal flow.[66] 
However, a limitation in a minimum of size of the polymer is given, hence low molecular 
mass compounds would be transported through the porous membrane into the waste. This 
effect is visible in the fractogram of P1-1 (Figure 3.3a), the curve is cut in the low molar 
mass region and hence lower PD has been achieved (Table 3.1). At higher molar masses, i.e. 
as P1-2, A4F is a suitable method leading to complete size separation of the sample (Figure 
3.3b). 
 
 
Figure 3.3. Molar mass determination, A4F fractogram of a) P1-1 and b) P1-2 (Gradient Vx = 
3-0.9 mL/min in 20 min). 
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Thermal stability 
The thermal stability of the AB2 hb polyester was of high interest. As expected, a high Tg of 
the AB2 hb polyesters was observed (Table 3.1). A slight variation of the temperature at 10 % 
weight loss for P1-1 and P1-2 was also visible, which is most probably due to the different 
amount of the residual hexamethyldisiloxane, a resulting product from hydrolysis of 
chlorotrimethylsilane (by-product of the polycondensation), in the AB2 hb polymers. After 
precipitation in water, traces of trimethylsilyl (TMS) groups were still detectable by NMR. 
The thermal gravimetric analysis (TGA) measurements of the corresponding samples showed 
a weight loss at 200-250°C. And further pyrolysis GC-MS analysis of the same sample in this 
temperature rang identified the weight loss was due to evolution of the residual 
hexamethyldisiloxane from the polymer. However, the TMS group from the trimethylsiloxy 
end groups of hb polymer (3) (Scheme 3.2) can not be the source of the evolution of 
hexamethyldisiloxane because the signals of polymer bonded trimethylsiloxy end groups 
(broadened peaks) were not detected in the NMR spectra. Therefore, most probably the source 
of the TMS signal detected by NMR in the resulting AB2 hb polyester was the residual 
hexamethyldisiloxane which originated from the by-product chlorotrimethylsilane. 
 
3.1.4 AB2 hb polyester  prepared by scale-up synthesis 
In the first series of experiments, synthesis of the AB2 hb polymers was done in a small 
laboratory scale (up to 10 g). In order to perform the blend preparation with polyamide by an 
extruder, a larger amount of the hb polymers is necessary. Therefore, the AB2 hb polyester 
was also synthesized in a larger scale. As mentioned above the SPD system was used to 
increase the yield of the AB2 monomer, in total about 206 g of the purified monomer (2) were 
prepared and used for the scale-up polycondensation experiment in one batch. After the work 
up about 90 g of AB2 hb polyester were obtained. 
The scale-up AB2 hb polyester (P1-up) was then characterized and the results were compared 
with those of the hb polymers from small-scale synthesis (Table 3.1). Quite close values of 
DB, Tg and molar mass of the AB2 hb polymers from different polymerization degree at 
various scales were observed. For the purpose of applying the hb polymers in melt 
modification of polyamides, the thermal properties of the polymer were also examined by 
TGA. The temperature at 10 % weight loss of P1-up is a little bit lower than that of the small-
scale hb polyesters, this is caused by an increase of the residual hexamethyldisiloxane, in the 
resulting product due to the scale-up effect. The dynamic TGA results of the AB2 hb 
polyesters from small scale (P1-2) and up scale polymerization (P1-up) are shown in Figure 
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3.4. The identical temperature (410 °C) of the maximum degradation pointed to the same 
thermal stability of these two AB2 hb polyesters. Therefore, one can state that this 
polymerization can be successfully scale-up based on comparison of the DB, molar mass and 
thermal properties to the small scale polymerization. 
 
 
Figure 3.4. Dynamic TGA curves of the AB2 hb polyesters obtained from small-scale (P1-2) 
and scale-up (P1-up) polymerization. 
 
3.1.5 AB2 hb polyester with core molecule 
The acid chloride group of monomer (2) is an extremely reactive functionality and can be 
easily hydrolyzed to give the carboxylic acid groups, which in our case is not good for the 
further application of this hb polymers in melt modification of polyamides. Therefore, for the 
purpose of further reduction of the content of free carboxylic acid groups in the resulting hb 
polyester, a core molecule 1,1,1-tris(4-hydroxyphenyl) thane (THPE) was used to synthesis 
the AB2 hb polyester with core molecule (P1-core), Table 3.1. 
The structure of P1-core was verified by 1H-NMR investigation (Figure 3.5). Since only 1 
mol% of THPE was used during the polycondensation, he intensity of THPE signal is quite 
small. The signals at the position of δ=1.88-2.1 ppm were from different sub-units (terminal, 
linear and dendritic) of methyl group of THPE. This al o confirmed that the core molecule 
was bonded with the hb polymer chains. And the signals from the aromatic rings of THPE 
overlapped in the range from 6.55-6.85 ppm, and thus co ld not be well identified. 
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Figure 3.5. 1H-NMR spectra (in DMSO-d6) of the AB2 hb polyester with core molecule. 
 
Analytical results (Table 3.1) showed a slight decrease of the molecular weight of P1-core 
compared to that of P1-1 and as consequence a lowerTg as well, which was most probably 
due to the introduction of core molecule which reduced the further growth of polymer chain. 
In addition, to compare the thermal properties both the AB2 hb polyester with and without 
core molecule (P1-core and P1-2) were investigated by isothermal TGA measurements at 320 
°C for about one hour (Figure 3.6). This temperature is of interest because the further studies 
on modification of polyamides with the hb polyester will be carried out at 320 °C. The TGA 
curves showed that after the weight loss due to water or solvent evaporation there is a small 
plateau, and then the main degradation of polymers started. One can clearly see that during 
the whole investigation time the pure AB2 hb polyester exhibited a better thermal stability 
than that of the AB2 hb polyester with the core molecule. And P1-core also showed a lower Tg 
(Table 3.1) than that of P1-2. The above observations indicated that introduction of the core 
molecule resulted in a less thermally stable hb polyester. No further investigation was 
performed due to these deficiencies that were observed. 
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Figure 3.6. Isothermal TGA results of the AB2 hb polyester with and without core molecule 
(P1-core and P1-1). 
 
 
3.2 Synthesis and characterization of A2+B3 hb polyesters 
Other very promising hb aromatic polyesters were synthesized according to an A2+B3 
approach. At first the synthesis of these A2+B3 hb aromatic polyesters was carried out in a 
rather easy way, solution polycondensation at room te perature. These experiments were 
followed by the preparation of the A2+B3 hb polyesters by melt polycondensation as 
comparison. 
 
3.2.1 Synthesis of A2+B3 hb polyesters by solution polymerization 
For the polymerization of A2+B3 monomers in solution, addition of a diluted solution of B3 to 
the diluted A2 solution leads to cross-linked products due to a high local concentration of the 
acid chloride (A) functional groups.[8,103] In order to avoid formation of insoluble products, 
the polycondensation of A2 monomer terephthaloyl chloride (TCl) and B3 monomer THPE 
was performed in dilute solutions by slowly adding the TCl solution to the THPE solution 
(Scheme 3.3). All of the polymerizations were conducted at room temperature (r.t.) due to the 
high reactivity of the acid chloride TCl. The molar monomer ratio and the monomer 
concentration were varied. Finally, the products were precipitated in methanol which stopped 
the polycondensation. This should theoretically result in A2+B3 hb polyesters with phenolic 
OH and methyl ester end groups. 
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Scheme 3.3. Solution polymerization of TCl and THPE. 
 
The precipitation could also be performed in water which resulted in hb polymers with phenol 
and carboxylic acid end groups. Although these A2+B3 hb polyesters from precipitation in 
water possessed a higher glass transition temperatur  than those of former ones, they were of 
less interest due to their lower thermal stability and were not discussed in this work. 
The preparation of the A2+B3 hb polyesters was carried out according to the previous work of 
Reisch.[7] Four different monomer ratios (A2:B3 = 3:2, 1:1, 3:4 and 1:2) were used for the 
preparation of the A2+B3 hb polyesters which corresponds to a systematic variation of the 
functionalities (A and B):[144] 
• The 3:2 molar monomer ratio results in a stoichiometric amount of the functional 
groups A and B. 
• The 1:1 molar monomer ratio results in excess of B functionalities (A:B = 2:3). 
• The 3:4 molar monomer ratio possesses a A:B = 1:2 ratio of the functional groups as a 
direct comparison to the AB2 system. 
• The 1:2 molar monomer ratio has an even higher excess of B functionalities (A:B = 
1:3). 
To avoid any confusions, in the following discussion only the values of molar monomer ratios 
(A2:B3) will be mentioned. The resulting A2+B3 hb polyesters thus were characterized and the 
influence of the variation of monomer ratios (A2:B3) on the properties of resulting hb 
polymers was discussed. 
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3.2.2 Characterization of A2+B3 hb polyesters obtained by solution polymerization 
Characterization results of the obtained A2+B3 hb polyesters from solution polymerization are 
summarized in Table 3.2. The influence of the monomer ratio (A2:B3) as well as the 
monomer concentration on the properties of resulting hb polyesters are discussed. 
 
Table 3.2. Characterization data of A2+B3 hb polyesters from solution polymerization. 
A2+B3 hb 
polyesters 
A2:B3 Yield 
(%) 
DBFrey 
a 
(%) 
Tg  
(°C) 
Mw
 b 
(g/mol) 
Mw/Mn T at 10 % weight 
loss c (°C) 
Monomer conc. d
(mmol/L) 
P2-1 e 3:2 - - >300 - - - 46 
P2-2 e 3:2 - - - - - - 57 
P2-3 1:1 85 52 268 29000 9.5 427 46 
P2-4 e 1:1 84 - >300 - - - 57 
P2-5 3:4 70 46 223 11000 2.3 398 46 
P2-6 3:4 71 46 219 10000 2.5 413 57 
P2-7 1:2 46 40 204 4400 1.4 408 46 
P2-8 1:2 51 40 199 4500 1.5 357 57 
a determined from NMR signal intensities of corresponding sub-units, relative error: 10 %; calculation was done 
according to the reported method;[6,7] 
b results derived from SEC measurements with MALLS detector; 
c values determined by dynamic TGA measurements under nitrogen; 
d monomer concentration in reaction solutions; 
e insoluble in solvent due to gelation. 
 
Obviously, the monomer ratio has a crucial influence on properties of the resulting A2+B3 hb 
polyesters (Table 3.2). With the functionality ratio shifting toward the stoichiometric 
situation polymers with higher yields and higher molecular weights were obtained, higher 
possibility for gelation was observed as well. A typical negative aspect of an A2+B3 system is 
the gelation which can be avoided only by termination of the reaction when approaching the 
stoichiometric functionality ratio. Also in the described system at the monomer ratio A2:B3 = 
3:2 gelation occurred during polymerization under all studied conditions. Depending on the 
monomer concentration in the reaction solution, gelation could be observed also at the 
monomer ratio of 1:1 (P1-4): under identical conditions, a more concentrated solution led to 
faster polymer build-up and thus, to earlier gelation. As described by Flory[145] and Odian,[146] 
the theoretical gel points for the 3:2 and 1:1 ratios of A2:B3 can be calculated to be 70.7 % and 
86.6 % conversion of A functionalities, respectively. Thus gelation can not be avoided for the 
3:2 products when a certain functionality conversion is reached. The hb polyester P3 has been 
isolated very close to the gel point as the very broad polydispersity indicates. As expected the 
yield and molar mass decreased with decreasing content of A2 monomer TCl meaning higher 
excess of B3 monomer. Off-stoichiometric conditions shift the criti al conversion to higher 
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values and it can even be fully avoided but then, only low molar mass products can be 
achieved. The decreasing yield can be explained in this case with the fractionation of the low 
molecular weight oligomers during the precipitation a d filtration procedures. And this was 
verified by SEC investigations of the raw products without any fractionation. Both the low 
molar mass products (oligomers) and the high molar m ss products (hb polyesters) were 
detected by SEC measurements (Figure 3.7), which showed clearly that the low molecular 
weight part (> 8 mL) were removed after fractionation. 
 
 
Figure 3.7. SEC curves (RI detector) for the A2+B3 hb polyester without and after 
fractionation. 
 
In the low molar mass region DB as calculated by Frey equation as outlined in the reported 
method[6,7] is still dependent on the degree of polymerization (Table 3.2), and thus lower 
values than those of higher molar mass products result. Clearly, lower molar mass products 
exhibit also lower glass transition temperatures. The variation of the monomer concentration 
of the reaction solution showed a negligible influenc  on the yields and properties of the 
resulting polymers at monomer ratios lower than 1:1. Although the best yields and the highest 
molar masses were obtained in the solution polymerization with the monomer ratio of 1:1, 
better control over the synthetic experiment and the properties of resulting material, i.e. 
gelation, acceptable yield, Tg values as well as reasonable molar mass, were achived by 
polymerization with monomer ratio of 3:4. Therefore, the A2+B3 (3:4) hb polyester is the 
most promising one for further investigations on the melt blending modification of linear 
polyamides comparing to the hb polyesters produced from other monomer ratios. 
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NMR investigation 
Information about the structures of the A2+B3 hb polyesters was provided by NMR 
measurements. Unlike the well investigated classical hb polymers produced from ABx 
monomers, defining the structure of an A2+B3 hb polymer system precisely is still difficult to 
fulfill. Herein defining the structure of the A2+B3 hb polyesters prepared from solution 
polymerization was done by NMR investigations according to published works.[6,7,144] Figure 
3.8 shows the 13C NMR spectra of the A2+B3 hb polyester synthesized by solution 
polymerization with a monomer ratio of 3:4. 
 
 
Figure 3.8. 13C NMR spectra (in DMSO-d6) of the A2+B3 (3:4) hb polyester obtained from 
solution polymerization and the different structural units for signal assignments. 
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Polymerizations with other monomer ratios resulted in nearly the same NMR spectra except 
the peak shapes, higher A2 monomer ratios led to spectra with somewhat broader signals due 
to the higher molar mass products achieved. The numbering of atoms and the assignments of 
the signals from different units (terminal, linear and dendritic sub-units) were done according 
to the method described by Komber[6] and Reisch.[7] More detailed data of the assignments of 
the NMR spectra can be found in Appendix-2. 
Since the hb polymer was obtained from the precipitation in methanol and both monomers 
(TCl and THPE) were soluble in methanol or were able to react with methanol, the 
uncondensed monomers (TCl or its derivative and THPE) should be removed theoretically by 
precipitation in methanol. As expected, good identification of different atoms and the well-
separated signals corresponding to the different sub-units from terminal (t), linear (l) and 
dendritic (d) parts verified the hyperbranched structure of the A2+B3 hb polyester. Therefore, 
the ratios of those sub-units in the hb polymer canbe estimated easily according to the 
intensity of the corresponding signals. As a result, the DB and the conversion of the 
monomers can be determined. Both 1H-NMR and 13C-NMR spectra signals can be used to 
determine DB values of the A2+B3 hb polyesters. The calculations of DB in this work were 
done as described in the previous work[6,7] using the modified Frey[67] equation, Eq. (6). Here, 
b3 indicates fully reacted B3 monomer (dendritic unit) and Bb2 represents a linear unit. 
[ ]
[ ] [ ]23
3
2
2
Bbb
b
DBFrey +⋅
⋅
=  (6) 
The signal intensities of the dendritic [2.25 (1H), 51.53 (13C) ppm] and linear [2.15 (1H), 
51.02 (13C) ppm] were used for DB calculation in this work. In addition, a signal (δ=166.35 
ppm) of trace of carboxylic acid group was detectable, which most probably came from the 
residual hydrolyzed TCl during the experiment. 
 
Molar mass determination 
Both refractive index (RI) and multi-angle laser light scattering (MALLS) detector were used 
in SEC measurements to determine the molecular weight of the A2+B3 hb polyesters 
synthesized from different monomer ratios and at different monomer concentrations (Figure 
3.9). Gelation was observed for the polymerizations carried out with higher A2 ratio (3:2 and 
1:1 at monomer concentration of 57 mmol/L), which resulted in insoluble polymers and hence 
SEC measurements of them were not possible. It is clearly visible that with the functionality 
ratio approaching stoichiometry, the SEC curves show a broadening of the peaks due to 
increasing polydispersity of the samples as theoretically predicted.[147] The SEC curve of P2-3 
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(Figure 3.9a) exhibited a peak with shoulder in the high molar mass region, which points to 
the beginning of cross-linking. A multimodal distribution is not visible in the LS curve of P3 
(Figure 3.9b) due to the fact that LS detector indicates preferably higher molar masses and 
the lower molar masses in a broadly distributed sample is underestimated or completely 
ignored. The shapes of the chromatograms of the samples with A2:B3 < 1 show distributions 
independent on the monomer concentration, supporting our suggestion that the different 
monomer concentration of reaction solution results in almost identical polymer structures, 
while at higher A2 monomer ratios the high molar mass species are morstrongly represented. 
 
  
Figure 3.9. SEC measurements with a) RI detection, b) LS detection of the A2+B3 hb 
polyesters from solution polymerization with different monomer ratios and concentrations. 
 
Usually, the reaction time was 24 h for synthesis of the A2+B3 hb polyesters in solution at 
room temperature, whereas, much longer times (≥ one month) were also subject of 
investigation for the polymerization with the monomer ratio of 3:4. However, no significant 
effect on the molecular weight was observed by SEC measurements. This behaviour deviates 
from that of the AB2 hb polyester produced by melt polymerization, where longer reaction 
time resulted in the higher molar masses (P1-2). The different behaviours could be explained 
with different driving force for the molar mass build-up in solution and melt 
polymerization.[8] There is no further driving force for increasing the molar mass after the 
addition of A2 monomer, however, compared to that the high density of functional groups, 
high temperature and applied vacuum in melt polymerization are always presented. 
 
Thermal properties 
Detailed information about thermal properties of the A2+B3 hb polyesters was provided by 
TGA investigations. Dynamic TGA results (Table 3.2, Figure 3.10) show that the maximum 
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rate of decomposition of all A2+B3 hb polyesters prepared from different monomer ratios 
occurs at 505 °C with the 10 % weight loss at about 400-420 °C, which points to a relatively 
high thermal stability. The mass losses at 50-280 °C are caused by the evaporation of 
remaining solvent or absorbed moisture in the samples according to GC-MS analysis. 
However, with the monomer ratio changing from 3:2 to 1:2 (an increase of B3 monomer) an 
earlier degradation step (shoulder) at approx. 386 °C can be observed. The origin of this 
shoulder was then followed by pyrolysis GC-MS investigations on the same samples. 
 
 
Figure 3.10. Dynamic TGA measurements of the A2+B3 hb polyesters from solution 
polymerization with different monomer ratios. 
 
The results of the pyrolysis GC-MS studies at 225, 380 and 505 °C gave a clear indication of 
phenol development, and the excess of B3 in the starting monomer ratio increased the amount 
of released phenol. Meanwhile, formation of phenol was found in the work of Komber et al.[6] 
as well, however as a product of the side reaction during the melt polymerization at 185 °C 
and it was assigned to the reaction shown in Scheme 3.4. In that reported work the 
corresponding product bisphenol from decomposition of THPE was found to participate in the 
polymerization and it became part of the polymer chains. 
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Scheme 3.4. Side reaction of THPE during melt polymerization at 185 °C.[6] 
 
In our case, only small and comparable amounts of residual B3 monomer (THPE) were 
detected by NMR in the precipitated A2+B3 hb polymers. However, the TGA curves of the 
same samples clearly showed a dependence of the peak int nsity for the evolution of phenol 
on the molar ratios of two monomers. Therefore, the formation of the observed phenol 
evolution is not ascribed to a side reaction of B3 monomer as in reference
[6] but to the 
decomposition of sub-structural units containing free phenolic end groups, such as the 
terminal and linear sub-units which possess the B functionality (Scheme 3.5). 
 
 
Scheme 3.5. Different sub-units of THPE in polymer. 
 
According to the NMR spectra, with increasing amounts of terminal units (t) in the A2+B3 hb 
polyesters, the decomposition (phenol release) is more pronounced, however, no variation of 
the molar ratio of linear units (l) in the polymers was observed. These data confirm that the 
decomposition of linear units is less probable since it requires a rearrangement of the main 
chain as well. This is also supported by comparing the SEC results in Table 3.2 with the 
above TGA results (Figure 3.10), which shows that the hb polyester (P2-7) with the highest 
amount of low molar mass species (and consequently with the largest amount of t sub-units) 
produced from the highest excess of B3 monomer (A2:B3 = 1:2). The hb polyester P2-7 
exhibited also the most pronounced earlier degradation s ep in the TGA curves. This indicates 
that phenol evolution mainly originates from the decomposition of terminal B units in the low 
molar mass species of the polymer. 
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Further head space GC-MS measurements of the annealed A2+B3 (3:4) hb polyesters for 
different durations (1, 2.5 and 5 min) show that the p enol release is time dependent (Figure 
3.11), with longer annealing times the amount of released phenol is increased. Moreover, the 
samples annealed at 320 °C for 2.5 and 5 min exhibited even a beginning of main chain 
degradation. 
 
 
Figure 3.11. Phenol release after annealing the A2+B3 (3:4) hb polyester obtained from 
solution polymerization at 320 °C, which was detected by head space GC-MS measurements 
at 200 °C using always the same amount of samples (56 mg). 
 
3.2.3 Investigation on the solution polymerization of A2+B3 monomers 
Efforts were also done to clarify the kinetics of the solution polymerization of the A2+B3 
monomers. For this purpose some additional experiments were carried out. During the 
experiments, samples were frequently taken out from the reaction system and poured 
immediately in methanol for stopping the condensation reaction. After that the resulting 
experimental samples were collected for characterizations to provide further information 
about the structural development and the molar mass build up of the hb polymer as well as the 
conversion of the monomers during the polymerization. 
Plots of the structural development (different sub-units and conversion of B3) of the solution 
polymerization with monomer ratio of 1:1 depending on the reaction time are shown in 
Figure 3.12a. The data calculations were based on the signal intensities of the different sub-
units, dendritic (d), linear (l) and terminal (t) sub-units, in NMR spectra and normalized by 
dividing the original B3 amount, which were listed in Appendix-1. It is observed that after a 
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reaction time of ca. 1.3 hours no more changes for intensities of the signals from those sub-
units were detectable by NMR. The initial time was when the first drop of TCl (A2) solution 
was added to the reaction solution. Among all of the data points, the third one (ca. 1.3 h) was 
from the sample obtained when the addition of TCl solution was finished. Within this reaction 
time the hyperbranched structure (d, l, t units) was developing with consumption of the 
monomer B3. However, after that all the values were kept almost constant and no further 
conversion of B functionality was visible, which ind cated that the polymerization was 
already finished. Since the slow addition of the highly reactive monomer was used a relatively 
fast reaction was not unexpected. 
  
Figure 3.12. Reaction time dependence for a) the content of sub-units (t, l, d) and the B3 
monomer; b) molar mass and DB results, the data came from the samples taken out during the 
solution polymerization of A2+B3 monomers (1:1) with a monomer concentration of 46 
mmol/L (Appendix-1). 
 
The molar mass build up and the DB development dependence on the condensation time 
during the solution polymerization are shown in Figure 3.12b, 3.13. The plots indicated 
clearly that in the very beginning, typical for a polycondensation, only oligomers were formed 
since no high molar mass products were detected. However, at the third data point (ca. 1.3 h) 
the molar mass of the product was strongly increased nd followed by additional fast decrease. 
This unusual molar mass behavior leads to the assumption that a kind of molar mass 
equilibrium process occurred. It has to be noted that for the second sample, besides a polymer 
peak at Mw = ~15000 g/mol, a small peak in the oligomer region was also detected by SEC 
(Figure 3.13a). In addition, the polydispersity of the samples increased significantly from 1.2 
(the second point) to 4.6 (the third point) and even higher than 6 for the following points. 
These facts indicate that due to so far unknown reasons a fast molar mass build-up takes place 
in the beginning of the reaction followed by a slower process leading to lower molar mass 
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products as monomer conversion proceeds. This results finally in very broadly distributed 
products with multimodal SEC traces and determined molar mass values below those of the 
isolated product after 1.3 h. After about 2.3 hours practically no further change for all the 
values could be observed, which is an indication of early complete reaction with 93 % B3
conversion  after a reaction time of 2.3 hours and the products with 60 % degree of branching 
and 32 kg/mol weight average molar mass were obtained (Figure 3.12). Thus, for future 
studies it is clear that originally chosen reaction time of 24 hours can be significantly 
shortened in the solution polymerization process. 
 
  
Figure 3.13. SEC curves with a) RI detection, b) LS detection of the samples taken out during 
the solution polymerization of A2+B3 monomers (1:1) with a monomer concentration of 46 
mmol/L. 
 
The same experiments were also carried out for the solution polycondensation of the A2+B3 
monomers with a ratio of 3:4. Similar molar mass behavior of the samples obtained during the 
polymerization was observed (Figure 3.14). This observation indicated that this kind of molar 
mass behavior during the solution polycondensation of the A2+B3 monomers was independent 
of the monomer ratio. This unusual behavior, increase t first and then drop to a certain value 
for molecular weight of polymer, was kind of typical for polycondensation especially in the 
solution. This maybe has something to do with a disper ion process or molar mass re-
distribution in solution. However, the exact explanation for this behavior is not yet clear. 
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Figure 3.14. Molar mass (Mw) behavior of the samples taken out from the solutin 
polymerization of the A2+B3 monomers with a monomer concentration of 46mmol/L, SEC 
results using LS detector. 
 
3.2.4 Synthesis and characterization of A2+B3 hb polyesters by melt polymerization 
As a comparison to the hb polymers synthesized froms lution polymerization, the A2+B3 hb 
polyesters were also synthesized by melt polycondensation (Scheme 3.6) according to those 
described by Komber[6] and Reisch.[7] 
 
 
Scheme 3.6. Synthesis route of A2+B3 hb polyesters by melt polymerization. 
Results and Discussion 
 51
Tris(p-trimethylsiloxyphenyl)ethane (TMS-THPE) as the B3 monomer, which was 
synthesized from THPE, HMDS and chlorotrimethylsilane, was used in melt 
polycondensation together with TCl as A2 monomer (Scheme 3.6). Similar as those done in 
solution polycondensation the different monomer ratios, A2:B3 = 3:2, 1:1, 3:4 and 1:2, were 
applied and thus the A2+B3 hb polyesters were synthesized by melt polycondensation at 145 
°C. After working up the structures of the products were then investigated and verified by 
NMR measurements (Figure 3.15). The numbering of the atom positions in the different sub-
units and assignments of the signals was done according to the methods described by 
Komber[6] and Reisch.[7] The NMR spectra of the hb polyesters from melt polymerization 
showed the same signals as those obtained from the polymers synthesized by solution 
polycondensation. Which indicated that the products wi h identical structures were obtained 
from the solution polymerization and the melt polymerization. 
 
 
Figure 3.15. 1H NMR spectra (in DMSO-d6) of A2+B3 hb polyester obtained from melt 
polycondensation with monomer ratio of 1:1 and the different structural units for signal 
assignments. 
 
Further characterization results of the A2+B3 hb polyesters from melt polycondensation were 
shown in Table 3.3. Similar to the results of the hb polymers prepared by solution 
polycondensation, a dependence of yield and molar mass on monomer ratio (A2:B3) was also 
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observed for the A2+B3 hb polyesters produced by melt polycondensation. The polydispersity 
(PD) values (Mw/Mn) resulting from SEC measurements showed that melt polycondensation 
with monomer ratios of 1:1 and 3:2 resulted in hb polymers with very broad molar mass 
distribution but gelation did not yet occur. The tend ncy of increasing molar mass distribution 
with the monomer ratio getting close to stoichiometric situation was also observed. 
 
Table 3.3. Characterization data of A2+B3 hb polyesters from melt polymerization. 
A2+B3 hb 
Polyesters 
A2:B3 Yield 
(%) 
DBFrey 
a 
(%) 
Tg (°C) Mw
 b 
(g/mol) 
Mw/Mn T at 10 % weight 
loss c (°C) 
P2-9 3:2 41 - 194 68000 35.0 429 
P2-10 1:1 51 47 210 33000 20.7 439 
P2-11 3:4 47 41 200 4300 1.5 407 
P2-12 1:2 - 35 201 3800 1.4 402 
a determined from NMR signal intensities of corresponding sub-units, relative error: 10 %; calculation was done 
according to the reported method;[6,7] 
b results derived from SEC measurements with MALLS detector; 
c values determined by dynamic TGA measurements under nitrogen. 
 
In general, the A2+B3 hb polyesters synthesized by solution polymerization exhibited higher 
yields and higher molar masses but also a higher tendency for gelation than those of the hb 
polymers produced from melt polymerization using the same monomer ratios. It was 
mentioned by Komber et al.[6] that the volatilization of the A2 monomer (TCl), which was also 
observed during the experiments in this work, can result in a change of the composition of the 
reaction mixture during the melt polymerization. Most probably, this can result in limiting the 
development of the polymer structure which on the on  hand leads to off-stoichiometric 
conditions for avoiding gelation in P2-9. The loss of A2 from the reaction leads to an even 
higher excess of B3 for the other samples limiting the progress of the polymerization and 
therefore lower yields and molar masses are observed compared to those polymers prepared 
in solution. 
 
 
3.3 Comparison between AB2 and A2+B3 hb polyesters 
The hyperbranched aromatic polyesters with free phenolic OH end groups were synthesized 
both by AB2 and A2+B3 approaches. Considering the results shown above, in general, the 
preparation of A2+B3 hb polyesters by solution polymerization has the advantages of a more 
controllable synthesis route under mild condition (room temperature in solution) as well as 
the less expensive and commercially available starting monomers (TCl and THPE). In 
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addition, comparison between the results of the AB2 and A2+B3 hb polyesters synthesized in a 
melt leads to the conclusion that the AB2 monomer approach results in higher molar mass 
products with a higher degree of branching degree, without any danger of gelation during 
polymerization. The thermal properties and melt rheological behavior of the AB2 hb polyester 
and the A2+B3 (3:4) hb polyester obtained from solution polymerization were also compared. 
 
3.3.1 Thermal properties 
The thermal stability of the hb polyesters was of high interest, therefore both the AB2 hb 
polyester (P1-2) and the A2+B3 (3:4) hb polyesters from solution polymerization (P2-5) were 
further investigated by the isothermal TGA measurements at 320 °C (Figure 3.16). 
 
 
Figure 3.16. Isothermal TGA measurements of the hb polyesters. 
 
This temperature was chosen because it is required fo  both hb polyesters when they are melt 
mixed with linear polymers as modifiers.[148] The isothermal TGA results showed that after a 
slight weight loss due to water or solvent evaporati n at the beginning of the measurement, a 
small plateau was reached, after that the main degra ation of the hb polymers started. 
Although P1-2 showed a comparable Tg as that of P2-5, the iso-TGA results indicated clearly 
that in the whole measurement’s range P2-5 exhibited a quite lower mass loss than that of P1-
2 at 320 °C. This difference most probably could be ascribed to the different content of 
phenolic end groups in them. The amounts of phenolic end groups per gram of polymer were 
calculated from the 1H-NMR spectra. The results show that there is about 7.5 mmol of 
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phenolic end groups in one gram of P1-2, which is 2.9 times of that in P2-5 (2.6 mmol/g). 
Higher amount of phenolic end groups also increases th  amount of moisture in the polymer 
absorbed from ambient environment, that’s why P1-2 exhibited a much higher mass loss (2.5 
%) at the beginning of the iso-TGA curve than that of P2-5 (ca. 1 %). Furthermore, post-
polymerization reaction may occur in P2-5, which can lead to a molecular weight increase and 
consequently a better thermal stability. Similar results were also found by Turner et al.[92] 
early on and were verified later on comparing the polymers prepared from both solution and 
melt polymerization.[98] 
 
3.3.2 Melt rheological behavior 
The prime motivation for synthesizing these two types of hb aromatic polyesters was to use 
them in modification of linear polyamides in melt bending experiments.[148] Therefore, the 
melt rheological behavior of both, the AB2 and A2+B3 (3:4) hb polyester from solution 
polymerization was also of interest. The hb polyesters were thermally processed at 320 °C 
and investigated by melt rheological measurements. It hould be noted that the thermal 
processing needs at least 2-3 g of the hb polyesters, due to the amount limitation of the 
materials different batches of the hb polyesters but with comparable analytical data as those 
described above were used and compared to each other in is section. 
 
 
Figure 3.17. Melt rheological behaviors of the hb polyesters after thermal processing at 320 
°C: a) complex viscosity vs. frequency; b) storage modulus G’ (open symbols) and loss 
modulus G’’ (full symbols) vs. frequency, investigated at 320 °C. 
 
The melt viscosity of the AB2 hb polyester decreased with increasing frequency i a linear 
relationship (Figure 3.17a) which is characteristic for the rheological behavior of hb 
polymers with phenolic or carboxylic end groups.[52,53,76] The complex viscosity of the A2+B3 
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(3:4) hb polyester showed a much more pronounced deviation from the linear relationship 
with frequency (≤ 1 rad/s) than that of the AB2 hb polyester. As mentioned above, in order to 
obtain a soluble product the polymerization of the A2+B3 monomers had to be stopped before 
the occurrence of the gelation. Consequently, the resulting A2+B3 hb polyester could still 
contain active groups, which could react with each ot er to develop a post-polymerization 
molar mass build-up during the thermal processing. Therefore the positive deviation of 
complex viscosity could be the effect of further intermolecular reactions, post-polymerization 
reaction, at the high temperature processing since at lower frequencies the complex viscosity 
is more sensitive to the molecular structure. The plots of storage (G’) and loss modulus (G’’) 
against frequency (Figure 3.17b) show a relaxation behavior in the range of 0.1 to 1 rad/s 
which is typical for branched polymers. The results indicate that the A2+B3 (3:4) hb polyester 
exhibit a predominately viscous behavior (G’’>G’), however the AB2 hb polyester acted as an 
elastic material (G’’<G’). 
 
 
Figure 3.18. Melt rheological measurement using time sweep mode f the hb polyesters 
without thermal processing, investigated at 320 °C (1 rad/s). 
 
In addition, the thermally unprocessed hb polyesters were also studied by the rheological 
measurements using the time sweep mode test (at constant temperature of 320 °C and 
frequency of 1 rad/s) in order to check the structural changes (crosslinking or decomposition) 
of the hb polyesters during high temperature processing. A continuous increase of melt 
viscosity (from 6×104 to 9×104 Pa s within 5 min.) of the A2+B3 (3:4) hb polyester was 
observed (Figure 3.18). The results of the A2+B3 system exhibited a typical trend for the 
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occurrence of a post-polymerization reaction leading to molar mass build-up. This behavior 
agreed well with the assumption above. However, the melt viscosity of the AB2 hb polyester 
kept almost constant. The facts indicated that under this temperature the AB2 hb polyester 
kept almost a constant molar mass and the degradation of the polymer itself at the thermal 
processing temperature can be excluded. 
Furthermore, comparing the results of the AB2 hb polyester in Figure 3.17a and Figure 3.18, 
it is found that the AB2 hb polymer showed a dramatic increase of melt viscosity (from 
2.8×103 to 1.2×104 Pa s at 1 rad/s) after thermally processing at 320 °C. This points to the 
reaction induced molar mass increase occurred during thermal processing, however, on the 
other hand the thermally processed AB2 hb polyester exhibited an almost constant melt 
viscosity in the time sweep mode test. Since during the melt rheological measurements the 
samples were investigated under the protection of N2 and the thermal processing was 
performed under the ambient environment, therefore, the assumption is given that the AB2 hb 
polyester can further react which leads to a cross-linking or network formation during the 
processing at 320 °C, most probably due to the existence of oxygen. 
 
 
3.4 End group modification of hb polyesters 
3.4.1 End group modification of AB2 hb polyester 
The end groups of both the AB2 hb polyester and the A2+B3 (3:4) hb polyesters from solution 
polycondensation were modified. For the AB2 hb polyester, discussed above, the SEC 
analysis of AB2 hb polyester resulted in a poor reproducibility due to strong interaction 
between the large number of phenolic OH end groups in hb polyester and the column of the 
instrument. Therefore the first motivation for modifying the phenolic OH end groups of AB2 
hb polyester was to avoid adsorption and aggregation effects of the hb polyester and enable 
provide a relative information about the molar mass of the AB2 hb polyester. In the later stage 
of this research, a new method: A4F became available nd consequently the analysis of the hb 
polyesters was done using the A4F technique. However, th  effect of end group modifications 
on the properties of both types of hb polyesters is a topic of considerable interest. 
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Scheme 3.7. Schematic representation for the end group modifications of AB2 hb polyester. 
 
A detailed study on the end group modification of the AB2 hb polyester was previously 
reported by Schmaljohann,[52] and the modification of AB2 hb polyester with phenolic OH end 
groups was carried out in a similar way in this work. The AB2 hb polymer was modified by 
reaction with both acetyl chloride and benzoyl chloride in dry THF solution (Scheme 3.7), 
which resulted in acetate ester and benzoate ester terminated hb polymers, respectively. 
Triethylamine (TEA) was used as HCl trap. After modification the hb polyesters were 
characterized by analytical methods with respect to structural and thermal properties. For the 
product after modification with acetyl chloride, polymer (9), no signal of residual phenolic 
OH groups was detected by NMR (Figure 3.19). By comparing the NMR spectra of modified 
and un-modified hb polymers, the resonances assigned to the terminal sub-units of free 
phenolic aromatic protons (7.1-6.4 ppm) of the polymer (4) disappeared. Moreover, the 
integration of resulting methyl group (-CH3, 3 protons) of the polymer after modification 
showed almost the same value with that of the aromatic protons (3 protons), which pointed to 
the nearly complete modification of the phenolic OH end groups theoretically. However, in 
the case of modification with benzoyl chloride the expected benzoate terminated hb polyester 
(10) was insoluble in DMSO-d6, therefore a comparison between the NMR spectra of it with 
that of the unmodified hb polymer (4) could not be performed. 
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Figure 3.19. 1H NMR spectra (in DMSO-d6) of the AB2 hb polyester with acetate terminal 
group and the signal assignments. 
 
In the earlier reported work, Turner et al.[92,99] synthesized the AB2 hb polyesters, based on the 
monomers 3,5-BCl and 5-acetoxyisophthalic acid, with phenolic OH and carboxylic acid 
terminated groups, respectively. The latter hb polyester (acid end group) showed a higher Tg 
than the former one (OH end group). In our cases th resulting AB2 hb polyesters after 
modifying the phenolic OH end group exhibited a signif cant decrease of Tg and thermal 
stability (Table 3.4), especially for the hb polymer modified by benzoyl chloride. This 
behavior is due to the variations of the polarity of the end groups. Transition from the polar 
hydroxyl function to less polar end groups leads to the reduction of the intermolecular 
interaction of the polymer molecules and as a result the Tg is decreased, as it was also found 
by Wooley and coworkers.[56] 
 
Table 3.4. Characterization of AB2 hb polyesters with and without modifications. 
Sample Modification  Tg  
(°C) 
T at 1% weight 
loss a (°C) 
T at 10% weight 
loss a (°C) 
P1-2 - 221 40 380 
P1-3 with acetyl chloride 136 171 368 
P1-4 with benzoyl chloride 52 133 200 
a  determined by dynamic TGA measurement under nitrogen. 
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After the modification of the phenolic hydroxyl groups, the ability for moisture attraction of 
AB2 hb polyester was also reduced which can be seen clearly from the results of dynamic 
TGA measurements (Figure 3.20). The peak in the derivative curves of the modifie 
polymers under 100 °C disappeared. This was also confirmed by the varying data of the 
temperature at 1 % weight loss (Table 3.4), after modification higher values were observed 
which pointed to the lower humidity absorption of the modified hb polymers. At around 200 
°C new peaks were observed, which most probably are due to the cleavage of end groups. The 
acetate terminated hb polymer (P1-3) exhibited nearly identical main chain degradation 
temperature (maximum at ~410 °C) compared to that of unmodified hb polymer (P1-2). The 
interesting thing is that although in general the benzoyl ester terminated hb polyester showed 
a significant and early degradation as well as a lower Tg value compared to that of P1-2 
(Table 3.4), the former polymer (P1-4) exhibited a higher main chain degradation 
temperature (maximum at 460 °C) than that of P1-2. 
 
 
Figure 3.20. Dynamic TGA measurements of the AB2 hb polyesters with and without end 
group modifications. 
 
 
3.4.2 End group modification of A2+B3 (3:4) hb polyester obtained by solution 
polymerization 
One A2+B3 hb polyester synthesized from solution polymerization (A2:B3 = 3:4) was also 
modified with acetyl chloride and resulted in the hb polyester with acetyl ester end groups. 
The thermal properties of un-modified and modified A2+B3 (3:4) hb polyesters are shown in 
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Table 3.5. Similar results as those of the modified AB2 hb polyesters were also observed, 
modification of the phenolic end groups with acetyl ch oride led to the reduction of Tg and 
thermal stability of the resulting hb polymer. Again, the cleavage of acetate end groups 
occurred at the temperature about 200 °C. Decrease of moisture absorption for the modified 
hb polymer was also visible (increase of T at 1% weight loss). The hb polyesters with 
modified end group were not used for blends preparation because of the reduced thermal 
stability of the products. 
 
Table 3.5. Characterization of A2+B3 (3:4) hb polyesters with and without modification. 
Sample Modification  Tg  
(°C) 
T at 1% weight 
loss a (°C) 
T at 10% weight 
loss a (°C) 
P2-5 - 223 40 398 
P2-13 with acetyl chloride 184 161 360 
a  determined by dynamic TGA measurement under nitrogen. 
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3.5 Blends of partly aromatic polyamides and hb polyesters prepared by 
mini-compounder 
 
3.5.1 Preparation of partly aromatic polyamide blends 
The second part of this study is about the melt blending of linear polyamides (PA) with hb 
polymers. After the synthesis and characterization of the hb polyesters, AB2 hb polyester (P1) 
and AB2 hb polyester with core molecule (P1-core) as well as the A2+B3 (3:4) hb polyesters 
from solution polymerization (P2), were used as melt modifiers in compounding with 
different types of partly aromatic polyamides by a mini-compounder. Due to the limited 
amount of the hb polymers obtained from laboratory polymerization, several batches of the hb 
polyesters with comparable DB and thermal properties w re combined and used in blend 
preparation (Table 3.6). There are some differences for the molar mass of P1-1 and P1-2, but 
the later results indicated that they had no major effects on the resulting blends properties. 
 
Table 3.6. The hb polyesters used for melt modification of partly aromatic polyamides. 
DB a (%) Molar mass c Sample 
Frey Fréchet 
Tg 
(°C) 
T at 10 % weight 
loss b (°C) Mn (g/mol) Mw (g/mol) PD 
P1-1 56 58 220 373 25000 45000 1.8 
P1-2 55 56 221 380 44000 147000 3.3 
P1-core 55 57 213 363 20000 32000 1.6 
P2-5 46 53 223 404 6000 11000 1.8 
P2-14 47 53 218 427 6000 11000 1.8 
P2-15 46 53 224 444 6000 9000 1.5 
a determined from NMR signal intensities of corresponding sub-units, relative error: 10%; 
b determined by dynamic TGA measurement under nitrogen; 
c molar mass of P1 determined by A4F method, SEC results of P2 derived from MALLS detection. 
 
Three types of partly aromatic polyamides including a lass fiber (GF) reinforced one (Table 
3.7) were supplied by BASF-SE and used in blend preparation as matrix polymers. 
 
Table 3.7. Partly aromatic polyamides used for blend preparation. 
Molar mass c   
Polyamide 
 
Component 
Melting 
point 
(°C) 
Viscosity 
number a 
(mL/g) 
AEG b 
(meq./kg) Mn 
(g/mol) 
Mw 
(g/mol) 
PD 
PA6T/6 partly aromatic polyamide 295 130 42 36000 79000 2.2 
PA6T/6a PA6T/6 + additives d 295 130 34 41000 98000 2.4 
PA6T/6GF PA6T/6a + 35 wt.-% GF 295 130 24 - - - 
a 0.5 % (m/v) in 96 % (m/m) sulfuric acid (H2SO4) at 25 °C, data provided by BASF-SE; 
b AEG (amino end group) data provided by BASF-SE; 
c SEC results derived from RI detection, pentafluorphenol/CHCl3 (1:2) used as solvent; 
d additives include processing or toughening agents (for instance rubber). 
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In this work different amounts of the hb polyesters, f om 1 wt.-% up to 28 wt.-%pa, were 
added to the matrix PA to obtain blends with increased heat resistance while keeping the 
chemical resistance constant (Table 3.8). Here wt.-%pa means the weight percentage of added 
hb polymers based on the amount of pure PA in the blends. The content of glass fiber in 
PA6T/6GF was excluded in the percentage calculation. 
 
Table 3.8. Blends of the partly aromatic polyamides and the hb polyesters prepared by 
mini-compounder at 320 °C for 5 min. 
Blend Component & content Appearance Tg (°C) 
B1 PA6T/6 a yellow 101 
B2 PA6T/6 + 1 wt.-% P1 yellow 103 
B3 PA6T/6 + 5 wt.-% P1 brown yellow 104 
B4 PA6T/6 + 10 wt.-% P1 black 111 
B5 PA6T/6 + 15 wt.-% P1 black 113 
B6 PA6T/6 + 20 wt.-% P1 black 119 
B7 PA6T/6 + 1 wt.-% P1-core yellow 103 
B8 PA6T/6 + 10 wt.-% P1-core black 110 
B9 PA6T/6 + 1 wt.-% P2 yellow 101 
B10 PA6T/6 + 10 wt.-% P2 yellow 101 
B11 PA6T/6a a gray yellow 99 
B12 PA6T/6a + 1 wt.-% P1 yellow 99 
B13 PA6T/6a + 10 wt.-% P1 black 110 
B14 PA6T/6a + 1 wt.-% P1-core yellow 98 
B15 PA6T/6a + 10 wt.-% P1-core black 109 
B16 PA6T/6a + 1 wt.-% P2 gray yellow 94 
B17 PA6T/6a + 10 wt.-% P2 gray yellow 98 
B18 PA6T/6GF a light brown 97 
B19 PA6T/6GF + 1.5 wt.-%pa P1 brown 99 
B20 PA6T/6GF + 15 wt.-%pa P1 dark brown 122 
B21 PA6T/6GF + 21 wt.-%pa P1 black 130 
B22 PA6T/6GF + 28 wt.-%pa P1 black 140 
B23 PA6T/6GF + 1.5 wt.-%pa P1-core brown 102 
B24 PA6T/6GF + 15 wt.-%pa P1-core black 120 
B25 PA6T/6GF + 1.5 wt.-%pa P2 light brown 100 
B26 PA6T/6GF + 10 wt.-%pa P2 light brown 105 
B27 PA6T/6GF + 15 wt.-%pa P2 light brown 108 
B28 PA6T/6GF + 21 wt.-%pa P2 gray yellow 113 
a pure polyamides processed at 320 °C; 
pa value calculation based on the pure PA amount in ble ds. 
 
3.5.2 DSC characterization 
The glass transition, melting, and crystallization behavior of the blends were investigated by 
DSC measurements. These results were of high interest since the primary motivation of this 
work was to improve the heat resistance of the resulting materials. 
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Tg results of the blends of the partly aromatic polyamides and hb polyesters were determined 
using the 2nd heating run of DSC measurements (Table 3.8). The addition of P1 and P1-core 
to the matrix materials resulted in blends with almost the same DSC behavior, therefore in the 
following discussion only the blends with P1 were mntioned and compared to the results of 
the blends containing P2. Compounding the polyamides with P1 resulted in blends with 
distinct increase of Tg compared to the pure polyamides. With increasing content of P1 in 
blends the Tg was increased. The highest Tg enhancement was obtained by adding P1 to the 
glass fiber reinforced PA (PA6T/6GF). However when switching to the blends of PA and P2, 
the Tg increase of PA could only be observed for the blends of PA6T/6GF with higher 
amounts of the hb polymer (≥10 wt.-%pa). 
 
 
Figure 3.21. DSC curves (2nd heating run) of the pure components and the PA6T/6 blends. 
 
Detailed information about melting and crystallizaton behavior of the blends was provide by 
the DSC measurements and the results are shown in the figures (Figure 3.21, 3.22). All of the 
blends exhibit both, glass transition and melting peaks, which indicated a semi-crystalline 
nature of these materials. The melting temperature Tm as well as the crystallinity of the blends 
containing P1 were decreased with increasing amount f the hb polymer. Whereas no 
significant decrease of the crystallinity of polyamides was observed by addition of P2 
compared to the results of P1 blends. Although there is a big difference between the Tg of 
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pure PAs (97-101 °C) and the hb polyesters (213-224 °C), every resulting blend shows only a 
single Tg. In the additional modulated DSC measurements of B6 and B10, a single Tg was still 
detected for both blend samples. This pointed to the formation of fully miscible blends. 
However, in order to confirm this assumption the blnd samples should be further examined 
using other methods. 
When the amount of P1 added to the PA6T/6GF was increased to 21 wt.-%pa or even higher 
(28 wt.-%pa) the crystallization peak of the samples disappeared (Figure 3.22), which 
indicated that crystallization of the blends was impaired and the resulting material was 
amorphous. However this did not happen for the PA6T/6GF blends containing P2. Comparing 
the results from blends of PA with and without GF, with the similar content of both hb 
polyesters the PA6T/6GF blends exhibited a stronger effect of the hb polyesters on Tg 
enhancement and change of crystallinity than that of PA6T/6 blends. The reason for this 
behavior is not fully understood, however, a possible explanation could be that existence of 
the glass fiber promoted the mixing effect and result d in an amplified interaction between the 
matrix polyamide and the hb polyesters. 
 
 
Figure 3.22. DSC curves (2nd heating run) of the processed pure PA6T/6GF and the blends. 
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In order to check the assumption of the formation of miscible blends, the predicted Tg values 
of the PA6T/6 blends were calculated according to Fox equation,[148] Eq. (7), and compared 
with the experimental Tg results (Figure 3.23). 
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Where wi is the weight fraction of the i
th component; Tgi is the glass transition temperature of 
the ith component. The blends containing P1 showed higher experimental Tg values than those 
calculated by Fox equation (Fox-Tg). The usually observed positive deviations from the Fox-
Tg values might suggest that a reactive system was formed, which resulted in products with an 
increased Tg. On the other hand, a positive deviation from the Fox data can also be observed 
when strong physical interactions between the blend components exist. With respect to the 
structures of the hb polyester P1 and the polyamides t is possible that this Tg increase is 
favored by the formation of strong hydrogen bonding between the hydroxyl groups of P1 and 
the carbonyl groups of PA. A similar Tg increase effect with addition of hb polymers was also 
found by previous studies.[53,76] In contrast to the results of the blends containing P1, the 
addition of P2 to polyamides yielded materials with Tgs no higher than those calculated by 
Fox Tg, some were observed to be lower than that of the pur rocessed polyamide (PAT/6a). 
 
 
Figure 3.23. Comparison of the Fox-Tg and experimental Tg values of the blends of partly 
aromatic polyamides and the hb polyesters. 
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3.5.3 Melt rheological behavior 
The influence of the addition of hb polymers on the r ological behavior of PA was also of 
high interest. A lowering of the melt viscosity and thus, an improvement of the processing 
properties is expected. This is of special interest for glass fiber reinforced PA materials made 
e.g. for use as engine parts and the preparation of ther injection molded articles. Therefore, 
melt rheological studies on the blends were performed to obtain information on the dynamic-
mechanical behavior of the blends in melt. For comparison, the pure hb polyesters (P1 and 
P2) were also processed at the same condition as used for blend preparation as mentioned 
above and were examined by melt rheological measurements as well. 
Besides the thermal properties (glass transition, melting and crystallization), the addition of 
the hb polyesters also affected dramatically the melt rheological behavior of the blends 
(Figure 3.24a). The melt viscosity of the processed pure P1 decreased with increasing 
frequency in a linear relationship (shear thinning behavior) which is the characteristic 
rheological behavior of hyperbranched polymers with p enolic or carboxylic end 
groups.[52,53,76] For the thermally processed pure PA6T/6 the complex viscosity deviated a 
little bit from the Newtonian behavior at low frequencies. The partly aromatic structure in 
PA6T/6 may be the reason for this deviation since at low frequencies the complex viscosity is 
more sensitive to the structure of the material. 
 
  
Figure 3.24. Complex viscosity vs. frequency of the thermally processed pure components 
and the corresponding blends: a) PA6T/6+P1 and b) PA6T/6+P2, investigated at 320 °C. 
 
The modification of PA6T/6 with P1 leads to an obvious reduction of the complex viscosity. 
Even a small concentration of P1 already results in a significant decrease of the complex 
viscosity, especially in the high frequency region (Figure 3.24a). After adding 1 wt.-% of P1, 
the zero-shear viscosity (viscosity extrapolated to a frequency of 0 rad/s) of PA6T/6 was 
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changed from 500 Pa s (0 wt.-% of P1) to 340 Pa s (1 wt.-% of P1). With increasing the 
amount of P1 in the blends a continuous reduction of the complex viscosity was observed 
until a concentration of 10 wt.-% was reached. Further increase of the P1 content in the blends 
did not affect the complex viscosity any more. Complex viscosity of the blends containing 10 
wt.-% and 20 wt.-% of P1 showed almost identical values, which are about 2-3 magnitudes 
(102-103 Pa s) lower than those of pure P1. Furthermore, when t e concentration of P1 in 
blend is ≥ 5 wt.-% a nearly linear dependence of complex viscosity on the frequency is 
visible. This behavior is similar to that of the pure P1 and due to that the zero-shear viscosity 
can not be determined and compared directly. The decreased melt viscosity of the resulting 
blends means that the processability of the polyamide has been enhanced by addition of P1 as 
expected. From the above results one can suggest that for the purpose of modifying the 
processability of PA6T/6 an addition of 5-10 wt.-% of P1 may be the best compromise 
considering the costs and resulting effects. 
Usually, it is not expected that the viscosity of a blend is lower than that of both components. 
It is indicated by the time sweep mode test that degradation of the AB2 hb polyester itself at 
the blending temperature (320 °C) can be excluded, therefore, such a significant reduction of 
the viscosity of the blends of PA6T/6 and P1 (Figure 3.24a) is most probably attributed to 
possible chemical reactions which may induce chain scission and change of the architecture of 
the matrix polyamide during the high temperature comp unding. Since there are significant 
amounts of reactive functionalities in the blends such as phenolic end groups, ester, amide and 
even -NH2 or -COOH groups, any reactions between those groups and functionalities of the 
polymers are possible under the selected processing co ditions. There is a large probability 
that through transamidation reactions branched structu es are formed in the matrix PA6T/6 
leading to the lowering of viscosity as well as reduction of crystallinity. 
The melt viscosity of pure P2 was much different than pure P1 and deviated somewhat from 
the linear relation with frequency in the region below 1 rad/s (Figure 3.24b). Additional 
rheology experiments using the time sweep mode (at constant temperature of 320°C) showed 
that the complex viscosity of the original P2 changed from 6×104 to 9×104 Pa s within 5 min 
(Figure 3.18). The obtained curve exhibited a typical trend for the occurrence of a post-
polymerization process leading to molar mass build-p. Consequently, the positive deviation 
of the melt viscosity of the processed pure P2 plotin Figure 3.24b is most probably also 
caused by this effect. Adding 1 wt.-% of P2 to PA6T/6 resulted in a comparable complex 
viscosity as that of the processed polyamide. However, larger amount of P2 (10 wt.-%) in the 
blends resulted in a reduction of viscosity especially in the region of high frequencies. 
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Figure 3.25. Storage modulus (G’) vs. loss modulus (G’’) of the t rmally processed pure 
components and the corresponding blends: a) PA6T/6+P1 and b) PA6T/6+P2, investigated at 
320 °C. 
 
The plots of storage modulus (G’) against the loss modulus (G’’) showed an elastic behavior 
(G’ > G’’) for the pure hb polyester P1, which is quite different from that of pure polyamide, 
processed P2 and the blends of them (Figure 3.25). The pure PA6T/6 and the blends with 
small amounts of P1 showed predominantly viscous behavior (G’ < G’’), the blends with 
higher amounts of P1 exhibited more elastic behavior. H wever, the blends of PA6T/6 and P2 
with increasing content of P2 exhibited a comparable behavior and a tendency to be more 
elastic. 
 
  
Figure 3.26. Complex viscosity vs. frequency of the thermally processed pure components 
and the corresponding blends: a) PA6T/6a+P1 and b) PA6T/6GF+P1, investigated at 320 °C. 
 
The melt viscosity behavior of PA6T/6a blends showed more or less similar tendency 
compared to that of the PA6T/6 blends (Figure 3.26a). However, due to the existence of GF 
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the blends of PA6T/6GF and P1 exhibited in average hi her complex viscosity and a different 
behavior of viscosity variation with addition of P1 was observed compared to the blends of 
the other two polyamides (Figure 3.26b). 
Generally, with the same concentration of hb polymer (e.g. 10 wt.-%) in blends, the addition 
of P1 resulted in a much more significant reduction of the complex viscosity of the final 
material than that of P2. These results clearly show that P1 is a superior additive for 
enhancing the processability of partly aromatic polyamides than P2. 
 
3.5.4 Morphology 
The morphology of the blends was examined by scanning electron microscopy (SEM). Due to 
the existence of additives (such as rubber) and glass fiber in the PA6T/6a and PA6T/6GF 
blends, less information about the miscibility and phase behavior could be provided by SEM 
investigations on those samples. Thus, in the following content discussions about the SEM 
results were focused on the PA6T/6 blend samples. 
 
  
Figure 3.27. SEM images of the PA6T/6 blend samples: a) PA6T/6 with 10 wt.-% of P1; b) 
the same blend etched by 1N NaOH/MeOH solution. 
 
Both etched and un-etched blend samples of PA6T/6 and P1 were investigated (Figure 3.27). 
Before etching with NaOH/MeOH solution the blend exhibited a smooth surface and 
homogenous morphology. Originally, a complete miscibility between polyamides and P1 was 
expected as it was reported by Massa et al.[71] In that work the same hb polymer (P1) has been 
found to form miscible blends with several linear polymers such as nylon 6, aromatic 
aliphatic polyamide and aromatic aliphatic copolyester. In addition, they also found that the 
strong interactions due to hydrogen bonding, more than the chain architecture, dominated the 
miscibility in those cases. As already known from the results of DSC, the increased Tg of 
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blends with increasing concentration of P1 in blends indicated a good miscibility of these two 
components. However, the SEM investigation of an etched sample of PA6T/6+P1 blend gave 
unexpected results. A large amount of homogenously di tributed holes is visible in the SEM 
micrograph of the etched sample from the PA6T/6 blend with 10 wt.-% of P1 (Figure 3.27b). 
But the total area of the holes visible in the micrograph obviously does not correspond to the 
content of P1 in the blend (10 wt.-%). This observation might be explained by the assumption 
that some reactive blending took place when PA6T/6 was mixed together with P1 at the high 
temperature of 320 °C. A part of the matrix polyamide which was chemically linked or 
strongly bounded to P1 changed solubility and thus, was also dissolved by etching. This 
assumption is supported by the above mentioned DSC and melt rheology results, for instance 
the significantly positive deviation of the PA6T/6 blend Tg from Fox equation calculation and 
the dramatic reduction of viscosity of the blends with increasing content of P1. Thus, it is 
assumed that reactive blending of PA6T/6 and P1 tookplace and that the hb polyester P1 was 
homogeneously distributed in the matrix polyamide. 
 
  
Figure 3.28. SEM images of the PA6T/6 blend samples: a) PA6T/6 with 10 wt.-% of P2; b) 
the same blend etched by 1N NaOH/MeOH solution. 
 
For the blend samples of PA6T/6 and P2, the SEM results pointed to the formation of an 
immiscible system. By etching with the NaOH/MeOH soluti n small or large holes due to the 
dissolution of a separated phase were visible on the blend sample (Figure 3.28b). Most 
probably, the different sizes of the holes can be attributed to aggregation effects and poor 
dispersion of the P2 phase in the matrix PA6T/6. The het rogeneous blend morphology also 
agrees well with the observation from DSC results of the PA6T/6+P2 blends: no Tg increase 
of the PA6T/6 matrix was detected even at high content of P2 in the blend (10 wt.-%). 
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Figure 3.29. SEM images of the PA6T/6GF blend samples: a) PA6T/6GF with 28 wt.-%pa of 
P1; b) the same blend etched by 1N NaOH/MeOH solution. 
 
Figure 3.29 show the pictures from SEM measurement of the etched and un-etched samples 
from the PA6T/6GF+P1 blend. After etching by the base solution (NaOH/MeOH, 1N) the 
surface of the polymer material appeared partly dissolved and exhibited a similar morphology 
as that of the PA6T/6 blend sample in Figure 3.27b. This also pointed to formation of a 
reactive blend system by melt mixing of PA6T/6GF andP1. 
 
  
Figure 3.30. SEM images of the blend samples: a) PA6T/6 with 10 wt.-% of P2; b) PA6T/6a 
with 10 wt.-% of P2. 
 
Meanwhile, a comparison of the morphology between the sample of PA6T/6 blend and 
PA6T/6a blend is shown in Figure 3.30. The same hb polyester (P2) was added to both 
PA6T/6 and PA6T/6a with an identical amount (10 wt.-%)  However, the SEM measurements 
of these blends showed quite different results. Different amount of bubbles with similar size 
were visible. It was discussed earlier in the synthesis section that decomposition of terminal 
units in P2 results in the evolution of phenol. Therefore, the bubbles could come from the 
formation of phenol during melt compounding. On theother hand the trans-reactions (for 
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instance transamidation/transesterification) between th  matrix polyamide and P2 under such 
a high processing temperature (320 °C) could also be the source of the bubbles. Different 
from PA6T/6 the PA6T/6a contains additives, this most probably resulted in a different 
reactivity between the components of the blend. The existence of additive in the PA6T/6a 
might reduce the interaction between polyamide and P2 and thus resulted in a lower amount 
of bubbles formation. Another possible explanation might be that the additives or agents in 
PA6T/6a lower the shear stress during the melt processing and result in a reduced interaction 
between the components as well. 
 
3.5.5 TEM investigation of PA6T/6 blends 
Two samples from the PA6T/6 blends were investigated by TEM measurements with the help 
of colleagues in BASF-SE. The TEM pictures of the pure PA6T/6 as well as the blend of 
PA6T/6 and P1 (10 wt.-% of P1) show clearly different morphologies (Figure 3.31). Whereas 
the pure PA6T/6 is fully crystallized in form of spherulitic structures, in the blend only some 
isolated spherulites are found. Most probably, there a e regions of different degrees of 
crystallization within the blend pointing to differences in the chemistry of these regions. It is 
assumed that a significant part of PA6T/6, but not all of it, has reacted with the hb polyester 
upon melt processing, see also Figure 3.27b. 
 
     
Figure 3.31. TEM images of a) pure PA6T/6 processed at 320°C; b) blend of PA6T/6 and 10 
wt.-% of P1. 
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3.5.6 SEC investigation of PA6T/6 blends 
Additionally, some SEC investigations on the blends were also performed in order to provide 
information about molecular weight changes of the polyamides by modification with the hb 
polyesters. 
Several PA6T/6 blend samples with different content of the hb polyesters were dissolved in 
1,1,1,3,3,3-hexafluor-2-propanol and precipitated in THF. After filtration the THF solution 
was investigated by SEC. It was expected that the hb polymers in the blend could be 
separated from the other blend components and the molar ass determined and compared to 
the value before melt blending with PA. However, no polymer signals were detected by SEC 
investigation on the precipitated products in THF. The sample was also prepared by physical 
mixing of the hb polyester (10 wt.-%) and PA as a comparison and underwent the same 
treatment described above before SEC investigation. H wever, SEC results of the physical 
mixed sample showed the same molar mass as the corresp nding hb polyester. These results 
could be interpreted as either a degradation of the hb polymers happened during melt 
compounding, or the hb polyester was not soluble in the solvent any more after melt 
compounding (for instance, the hb polyester was incorporated into the polyamide matrix or 
crosslinking occurred during the melt mixing). 
Furthermore, several representative PA6T/6 blend samples were also investigated directly by 
SEC to check the variation of molar mass of the PA after melt modification by the hb 
polyesters (Table 3.9). It has to be mentioned that these values were only used for comparing 
each other and not as the absolute results. With increasing content of P1 in PA6T/6 a 
pronounced tendency of reduction of the molar mass accompanying with a slight increase of 
PD were observed. This fact most probably indicated that some reactions happened, which 
resulted in the broadening of the molar mass distribution of the final products. The reduction 
in molar mass can point to degradation but can also be explained by introducing branching to 
the PA structure which reduces the hydro dynamic radius (Rh). 
 
Table 3.9. SEC characterization of the blends of PA6T/6 and the hb polyesters. 
SEC a Sample Component & Content 
Mn (g/mol) Mw (g/mol) PD 
B1 processed pure PA6T/6 5800 159000 27.4 
B2 PA6T/6 + 1 wt.-% P1 4700 96000 20.4 
B4 PA6T/6 + 10 wt.-% P1 2600 87000 33.5 
B9 PA6T/6 + 1 wt.-% P2 5800 136000 23.4 
B10 PA6T/6 + 10 wt.-% P2 4400 82000 18.6 
a molar mass were determined by SEC with RI detector, pentafluorphenol/CHCl3 (1:2) as solvent, standard PS 
was used for calibration. 
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3.5.7 Determination of amino end groups and viscosity number 
The values of amino end groups (AEG) and viscosity number (VN) of selected blend samples 
were determined in BASF-SE to provide information about possible chemical reactions 
between the components in the blends during the high temperature mixing (Table 3.10). 
 
Table 3.10. AEG and VN results of the selected blend samples. 
Sample Component & Content AEG (meq./kg) VN (mL/g) 
PA6T/6 PA6T/6 without processing 46 123 
B1 PA6T/6 processed at 320 °C 29 123 
B2 PA6T/6 + 1 wt.-% P1 15 94 
B4 PA6T/6 + 10 wt.-% P1 20 25 
- PA6T/6 + 10 wt.-% P1 (physical mixing) 46 108 
B18 PA6T/6GF processed at 320 °C 18 96 
B19 PA6T/6GF + 1.5 wt.-%pa P1 16 63 
B20 PA6T/6GF + 15 wt.-%pa P1 25 17 
B21 PA6T/6GF + 21 wt.-%pa P1 26 16 
B25 PA6T/6GF + 1.5 wt.-%pa P2 19 79 
B27 PA6T/6GF + 15 wt.-%pa P2 17 43 
B28 PA6T/6GF + 21 wt.-%pa P2 11 27 
 
Except the blend samples, one sample prepared by physical mixing of PA6T/6 and 10 wt.-% 
P1 was also characterized in the same way. This sample showed the same AEG value and a 
slight lower VN compared to those of the PA6/T6 without thermal processing. The reduction 
of VN is expected since the pure hb polymers exhibited a low melt viscosity. The VN 
variation of the blend samples by the addition of the hb polyesters showed the same behavior 
as that already been observed in melt rheological measurements. The AEG results of the 
samples containing P1 showed slightly decreased values at lower content of P1 in blends (1 or 
1.5 wt.-%pa) and increased values with more P1 added to polyamides. This behavior is not 
fully understood, but most probably it points to reactions between the hb polyester and matrix 
polyamides. In contrast, a continuous reduction of the AEG value of PA6T/6GF+P2 blends 
was observed with increasing amount of P2 in blends. This can be explained as the result of 
the mixing rule, which results in a dilution effect due to the addition of P2 to the matrix 
polyamide since a phase separated system was found r the blend of them. 
 
3.5.8 Adjustment of blend preparation condition by mini-compounder 
320 °C is a temperature under which few polymers can survive for extended times. With few 
exceptions (for instance polyimides) there are almost n  organic materials which can be used 
under such a high temperature. In many cases degradation or decomposition of the polymer 
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chain will more or less occur which results in the failure of materials. Therefore, besides the 
service condition, 320 °C for 5 min, other temperatures and mixing residence time were tried 
in order to find better compounding conditions for blend preparation in the extrusion 
experiment while maintaining the optimum properties. 
 
Table 3.11. Blend preparation by different compounding conditions. 
Sample Component & Content Compound condition Appearance 
B29 PA6T/6GF + 15 wt.-%pa P1 processed at 300 °C for 3 min. brown 
B30 PA6T/6GF + 15 wt.-%pa P1 processed at 310 °C for 3 min. brown 
B31 PA6T/6GF + 15 wt.-%pa P1 processed at 310 °C for 5 min. dark brown 
B32 PA6T/6GF + 15 wt.-%pa P1 processed at 320 °C for 3 min. dark brown 
B33 PA6T/6GF + 15 wt.-%pa P1 processed at 320 °C for 5 min. black 
 
Three different temperatures and two compounding time durations were tried for preparing 
the same blend (Table 3.11). Thermal properties of the resulting blends were examined by 
DSC measurements. The results showed that shifting the compounding temperature and time 
had no influence on Tg of the resulting blends. Moreover, identical DSC curves for the blends 
prepared from different conditions were observed (Figure 3.32). Additionally, the melt 
rheological measurements of these blend samples showed that there is no difference between 
the melt rheological behavior of B31 and B33. Considering the behavior mentioned above and 
that the blends prepared at higher temperature exhibited dark or black colors, which pointed 
to a starting of degradation, the blend preparation of polyamide with the hb polyester by 
extruder was set at 310 °C to minimize the chance of degradation of the materials. 
 
 
Figure 3.32. DSC curves (2nd heating run) of the blends of PA6T/6GF and P1. 
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3.6 Blends of aliphatic polyamide-6 and hb polyesters prepared by mini-
compounder 
 
3.6.1 PA6 blends preparation 
Blends of aliphatic polyamide-6 (PA6) and the hb polyesters were prepared by mini-
compounder in a similar way as done in the former chapter for the purpose of comparison 
with the partly aromatic polyamide blends. PA6 used in this work possesses a melting 
temperature of Tm= 220 °C, VN= 142-158 mL/g, Mn= 59 000 g/mol, Mw= 110 000 g/mol and 
PD= 1.9. The relation of end groups of the PA6 is COOH/NH2 = 50/40, which was 
determined by titration (data from BASF-SE). 
 
Table 3.12. The hb polyesters used for PA6 blend preparation. 
DB a (%) Molar mass c Sample 
Frey Fréchet 
Tg   
(°C) 
T at 10% weight 
loss b  (°C) Mn (g/mol) Mw (g/mol) PD 
P1-2 55 56 221 380 44000 147000 3.3 
P2-3 52 54 268 427 4000 29000 7.3 
P2-16 45 53 235 410 5000 10000 2.0 
a determined from NMR signal intensities of the corresponding sub-units, relative error: 10%; 
b determined by dynamic TGA measurement under nitrogen; 
c molar mass of P1 determined by A4F method, SEC results of P2 derived from MALLS detection. 
 
In this section, one AB2 hb polyester (P1-2) and two A2+B3 hb polyesters from solution 
polymerization with monomer ratio of 1:1 and 3:4, P2-3 and P2-16, respectively, were used 
for preparing the blends by melt mixing with PA6 (Table 3.12). Due to the shortage of the hb 
polymer materials, another batch of A2+B3 (3:4) hb polyester from solution polymerization 
(P2-16) with comparable characterization data as the A2+B3 (3:4) hb polymers mentioned in 
the former part (Table 3.2) was used in preparing the PA6 blends. The hb polyester P2-3 
showed a higher Tg and molar mass as well as a broader PD than those of P2-16, this was 
most probably due to this hb polymer being close to the gel point. 
In the following discussions, as abbreviations: P1, 2(1:1) and P2 were used representing the 
hb polyesters P1-2, P2-3 and P2-16 respectively. 
 
To identify the influence of compounding temperature on Tg of the resulting PA6 blends, 
different mixing temperatures: 250, 270 and 290 °C were tried, and the Tg of the resulting 
blends were determined and compared to each other (Table 3.13). The pure PA6 was also 
processed in the same way. 
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Table 3.13. Pure PA6 and the blends prepared at different temperatur s. 
Composition and preparation Appearance  Tg (°C) 
PA6 processed at 250 °C light white yellow 55 
PA6 processed at 270 °C light white yellow 53 
PA6 processed at 290 °C light yellow 53 
PA6+10 wt.-% P1, at 250 °C light brown 68 
PA6+10 wt.-% P1, at 270 °C brown 67 
PA6+10 wt.-% P1, at 290 °C brown 66 
PA6+10 wt.-% P2, at 250 °C gray yellow 59 
PA6+10 wt.-% P2, at 270 °C light yellow 57 
PA6+10 wt.-% P2, at 290 °C light yellow 57 
 
Quite similar Tg values of the blends prepared at different temperatures were observed. The 
samples prepared at lower temperature showed even slightly higher Tg results. From the 
appearance of the blends, higher compounding temperatur s resulted in a darker color, which 
most probably pointed to the starting degradation of the hb polymers. Furthermore, the melt 
rheological measurements of these samples did also not show major differences. Based on 
these results 250 °C was chosen for preparing blends a  all of the following experiments 
were done on blends prepared at 250 °C. The amount of hb polyesters ranged from 1 up to 15 
wt.-% in the melt compounded PA6 blends (Table 3.14). 
 
Table 3.14. Pure PA6 and the blends prepared by mini-compounder at 250 °C for 5 min. 
Sample Component & content Product appearance Tg (°C) 
B34 PA6 a light yellow 55 
B35 PA6 + 1 wt.-% P1 light yellow 56 
B36 PA6 + 5 wt.-% P1 light yellow 61 
B37 PA6 + 10 wt.-% P1 light brown 68 
B38 PA6 + 15 wt.-% P1 brown 72 
B39 PA6 + 1 wt.-% P2(1:1) light yellow 55 
B40 PA6 + 5 wt.-% P2(1:1) light yellow 57 
B41 PA6 + 10 wt.-% P2(1:1) light yellow 58 
B42 PA6 + 15 wt.-% P2(1:1) gray yellow 59 
B43 PA6 + 1 wt.-% P2 light yellow 55 
B44 PA6 + 5 wt.-% P2 light yellow 56 
B45 PA6 + 10 wt.-% P2 light gray 59 
B46 PA6 + 15 wt.-% P2 gray yellow 62 
a pure PA6 processed at 250 °C. 
 
3.6.2 DSC characterization of PA6 blends 
The Tg results were determined by DSC investigations (Table 3.14). The Tg values of 
PA6+P2(1:1) blends were quite close to those of PA6+P2 blends at lower concentrations of 
hb polymer. However, when the amount of hb polymer was increased to as high as 15 wt.-%, 
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the addition of P2(1:1) to PA6 (B42) resulted in a blend with lower Tg than that of the blend 
with the same amount of P2 (B46), although P2(1:1) possessed a higher Tg than P2. This is 
most probably due to the fact that partly gelation or crosslinking occurred in P2(1:1), which 
reduced the interactions of the components in blends a  led to a lower Tg enhancedment. The 
following discussion will be focused on the comparison between the results of PA6+P1 and 
PA6+P2 blends. 
 
 
Figure 3.33. Comparison of the Fox-Tg and the experimental Tg of the blends of PA6 and the 
hb polyesters. 
 
Similar as for the partly aromatic polyamide blends, addition of P1 to PA6 resulted in higher 
Tg increase effect than that of PA6+P2 blends with the same content of hb polyester. The 
theoretical Tg of the PA6 blends were also calculated according to the Fox equation (7) and 
compared to those experimental data from DSC measurments (Figure 3.33). For the 
PA6+P2 blends, the theoretical Tg values calculated by Fox equation led to a good fit for the 
experimental results. This could indicate the formation of miscible blends, but as usual the 
miscibility of them needs to be further examined by other analytical methods. However, with 
the same content of hb polyester, the blend containi g P1 exhibited quite higher Tgs (10°C 
higher for max.) than those of the theoretical Fox values. This fact most probably indicates 
that a reactive system was formed or very strong interactions between the matrix PA6 and P1 
occurred. More data are necessary to clarify the reason for such a difference between the 
experimental Tg and the Fox-Tg values of the PA6+P1 blends. 
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The 2nd heating run DSC curves of the PA6 blends are shown in Figure 3.34. Similar as 
found in partly aromatic polyamides (PA6T/6-type) blends, typical semi-crystalline behavior 
and existence of only one Tg of the PA6 blends were also observed. Besides the Tg r sults, 
melting and crystallization behavior of PA6 was also changed significantly by the addition of 
P1. With increasing content of P1 in the blends a shift of the melting peak to lower 
temperature and decrease of the peak intensity were obs rved. These pointed to the variation 
of the Tm and crystallinity of the PA6 after addition of P1. However, the addition of different 
amount of P2 to PA6 resulted in blends with almost identical melting temperatures and 
crystallization behavior. 
 
  
Figure 3.34. DSC curves (2nd heating run) of the pure components and the corresponding 
blends: a) PA6+P1 and b) PA6+P2. 
 
3.6.3 Melt rheological behavior of PA6 blends 
Melt rheological measurements of the PA6 blends with the hb polyesters (Figure 3.35) 
showed quite different results compared to those of the PA6T/6 blends (Figure 3.24). All of 
the blends of PA6 and the hb polyesters exhibited more or less Newtonian behavior. Only at 
high content of P1 a decrease of the complex viscosity f the blends was observed (Figure 
3.35a). Furthermore, the blends containing equal to or me than 5 wt.-% of P1 showed a 
slight negative deviation from Newtonian behavior in the frequency region below 1 rad/s. 
This behavior is thought to be due to the structural difference of the two components in the 
blends, since PA6 possesses an aliphatic linear structure whereas P1 is a fully aromatic hb 
polymer. 
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Figure 3.35. Complex viscosity vs. frequency of thermally process d P1, PA6 and the blends: 
a) PA6+P1; b) PA6+P2, investigated at 250 °C. 
 
It should be mentioned that no rheology experiments could be performed with the pure P2 at 
250 °C. The blends of P2 and PA6 exhibited definitely Newtonian behavior (Figure 3.35b). 
Surprisingly, the addition of P2 to PA6 resulted in a  increase of complex viscosity of the 
blends. The zero-shear viscosity of pure PA6 is about 380 Pa s. The blend with 1 wt.-% of P2 
had a zero-shear viscosity about 630 Pa s, and further increase of the P2 concentration to 5 
and 10 wt.-% in blends resulted in almost identical results. When 15 wt.-% of P2 were added 
to PA6 the complex viscosity of the resulting blends increased significantly again, and the 
zero-shear viscosity of it is about 920 Pa s. Normally, one would expect a decrease of the 
blend’s viscosity after the addition of a hb polymer to a linear matrix materials. This behavior 
of continuously increasing viscosity by adding a hb polymer is totally different from the P1 
blends and other cases reported before.[53,72,73,76,77] The observed phenomena point to the 
existence of a heterogeneous system in which a phase with a higher viscosity, P2, is dispersed 
in the continuous phase (PA6) possessing a lower complex viscosity. The hb polymer phase 
acts then like a (re)active filler. It has already been mentioned that in the case of the A2+B3 hb 
polyester a post-polymerization molar mass build-up d ring thermal process can occur. The 
results of the further investigation of the thermally processed P2 by time speed mode test 
(complex viscosity vs. time) confirmed this post-polymerization molar mass increase. This 
fact supported the former assumption that P2 acted as a filler in blends. Another possible 
explanation for the observed effects could be that P2 distributed in the blend acts like a 
coupling agent connecting the polyamide chains at different positions through strong physical 
interactions which results in effects similar as in a physical network. Consequently, the 
material becomes reinforced and an increase of the complex viscosity is observed. One can 
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assume that strong polar interactions such as hydrogen bonding are contributing to the 
observed results since P2 contains a large amount of OH end groups. 
The storage modulus (G’) as a function of loss modulus (G’’) was plotted for the PA6 blends 
(Figure 3.35). In contrast to the results of the PA6T/6 blends, an obviously viscous behavior 
(G’<G’’) was observed for all PA6 blended samples as well as the pure P1. The results for 
processed virgin P1 at 250 °C is different from that of the one treated at 320 °C. 
Although all of the blends of P1 and PA6 showed a viscous behavior, with increase of P1 
concentration in the blends the elastic part increased. The plots were shifted to a position 
closer to the neutral line (G’=G’’) in a parallel way (Figure 3.36a). Again, the blends of PA6 
and P2 behave in a different manner. The rheological plots of P2 blends are not parallel to that 
of the pure PA6 (Figure 3.36b). At high loss modulus or high frequency no remarkable 
differences are visible between the behavior of the blends and the pure PA6 but in the region 
of lower frequencies at a given value of loss modulus G’’, the blends exhibited a significant 
increase of storage modulus G’ with increasing of P2 concentration. This kind of behavior is 
believed to be a sign for formation of a phase separated system.[150] 
 
  
Figure 3.36. Storage modulus (G’) vs. loss modulus (G’’) of thermally processed pure hb 
polyester, PA6 and their blends: a) PA6+P1; b) PA6+P2, investigated at 250 °C. 
 
Clearly, the addition of both hb polyesters to PA6 showed quite different melt viscosity 
behavior when compared to those of the PA6T/6 blends (Figure 3.24, 3.25). A shear thinning 
effect was observed for the blends of PA6T/6 and hb polyesters, which was more prominent 
when higher amount of hb polyester were added. This was not observed for the PA6 blends, 
which kept a Newtonian behavior. However, the blends of PA6 and P1 showed a similar 
rheology behavior (Newtonian behavior and complex viscosity decreased with increasing of 
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hb polymer concentration in blends) as observed in previous investigations.[53,54,72] There, 
PA6 was melt blended with hyperbranched poly(ether amide)s, a partial aromatic AB2-type 
hb polymer obtained from 2-(3,5-dihydroxyphenyl)-1,3-oxazoline having a similar content of 
phenolic end groups. In their work similar effects as observed in PA6+P1 blends with respect 
to the Tg, melt rheology and morphology of the blends were also found. This may be due to 
similarities between the AB2 hb polyester P1 and the hb poly(ether amide)s, such as the 
similar branching density or OH groups density and the use of the classical AB2 monomer 
approach with no tendency towards gelation. 
 
3.6.4 Morphology of PA6 blends 
Morphology of both the blend samples with and without etching by 1N NaOH/MeOH 
solution was examined by SEM. Firstly, the samples without etching were investigated and 
the SEM images of them are shown in Figure 3.37. Later the etched samples were also 
studied and compared to the un-etched samples. 
 
  
  
Figure 3.37. SEM images of a) thermally processed pure PA6 at 250 °C and the blend 
samples: b) PA6+15 wt.-% P1; c) PA6+15 wt.-% P2(1:1); d) PA6+14.4 wt.-% P2. 
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A homogenous morphology was observed from the SEM image of the blend sample of PA6 
with P1 (Figure 3.37b). However in contrast to this, the SEM images of both PA6+P2 and 
PA6+P2(1:1) blends obviously showed bubbles and different domains or phase separation 
morphology (Figure 3.37c,d). These phase separated domains pointed to the formati n of 
heterogeneous blends by melt compounding PA6 with the A2+B3 hb polyester system. 
Furthermore, the blend of PA6+P2(1:1) and PA6+P2 exhibited different amount of bubbles, 
while they contained similar amount of hb polyester. 
As already been discussed in the synthesis and characterization part (section 3.2.2) a possible 
thermal induced decomposition of the terminal units in the A2+B3 hb polyester synthesized 
from solution polymerization occurred and led to phenol evolution. This can be one of the 
reasons for the formation of those bubbles. But the preparation temperature of PA6 blends 
(250 °C) is at the low end of the temperature range (280-450 °C) where phenol evolution was 
detected by TGA investigations (Figure 3.10). However, further pyrolysis GC-MS studies on 
the samples suggested that a very small amount of phenol could also be released at 250 °C. 
The alternative explanation could be that possible transesterification reaction between methyl 
ester and phenolic hydroxyl end groups with elimination of methanol could be the source of 
bubbles. 
However, either the phenol evolution or the possible trans-reaction can reduce the amount of 
OH end groups in polymer and thus decrease the possible interactions (such as hydrogen 
bonding) between the A2+B3 hb polyesters and PA6. This also could partly be the reason for a 
lower miscibility between the A2+B3 type hb polyesters and PA6. 
 
  
Figure 3.38. SEM images of the PA6 blend samples: a) PA6 with 10 wt.-% of P1; b) the 
same blend etched by 1N NaOH/MeOH solution. 
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The blends of PA6 with P1 and P2 exhibited quite different morphologies after etching. As 
mentioned above miscibility between PA6 and P1 can be expected and the SEM 
measurements of their blends also confirmed this assumption. No phase separation or 
different domains were visible in the SEM pictures of PA6+P1 blends (Figure 3.38). This 
indicated that miscible blends were formed by blending PA6 with P1 even at high 
concentration of P1 (15 wt.-%) explaining also the strong increase in Tg. 
However, in the case of PA6+P2 blends, the SEM images obviously showed different results: 
P2 separated from the matrix polyamide and it is visible as large domains (micrometer scale) 
in the un-etched samples (Figure 3.39a). Furthermore, after etching by NaOH/MeOH 
solution caves or holes appeared which are somewhat sm ller than that of the original P2 
domains (Figure 3.39b). These results clearly indicate that a heterogeneous system is formed 
by melt compounding of PA6 with P2, probably with srong interaction on the surface of the 
P2 domains or better “gel particles” toward the PA6 matrix. Also this result agrees with the 
assumption derived from melt rheology measurements - with increasing content of P2 in the 
blends an increase of the melt viscosity was visible due to the (re)active filler like effect of P2 
in the matrix polyamide. 
 
  
Figure 3.39. SEM images of the PA6 blend samples: a) PA6 with 10 wt.-% of P2; b) the 
same blend etched by 1N NaOH/MeOH solution. 
 
As mentioned in the above paragraphs probably a post-polymerization molar mass build-up of 
P2 occurred during the melt compounding. These reactions may prevent a fine dispersion of 
P2 in the matrix polyamide. However, only a single ass transition was observed which 
increased slightly in the case of PA6+P2 blends with increasing P2 content. This is consistent 
with a partial miscibility or some interactions of matrix and P2. Since no second glass 
transition for the hyperbranched component was detected one has to assume that the heat 
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transition (∆Cp) of the second glass transition is not pronounced enough to be detected by the 
DSC instrument or that it is overlapped by the melting peak. This is also valid for the blends 
of PA6T/6 and P2. 
 
3.6.5 SEC investigation of PA6 blends 
The variation of the molar mass of PA6 after modification by the hb polyesters was studied by 
SEC measurements on the blend samples. In addition, a physical mixture of PA6 and P2, 
processed PA6 (B34) and pure P2 were also investigated and the results were compared with 
the corresponding blends (Figure 3.40). 
 
 
Figure 3.40. SEC investigations on pure components and their coresponding physical 
mixture and blend. 
 
In the curve of the physical mixture of PA6 and P2,the peak of P2 is partly overlapped with 
that originating from PA6 but still can be recognized (blue arrow). However, in the curve of 
B45 the peak standing for pure P2 vanished and another small new peak appeared in the 
position of higher molecular weight. In conjunction with the fact that a phase separated 
system formed by melt mixing of PA6 with P2, it can be assumed that the small new peak 
might originate from the P2 part in the blend, most probably due to the post-polymerization or 
crosslinking of P2 molar mass build-up during melt compounding. This fact agrees with the 
melt rheological measurement of pure P2 using a time sweep mode (Figure 3.18). Due to the 
poor solubility of P1 in the selected solvent for both PA6 and the blends, the comparison 
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between the pure components and the physical mixture of them as well as the blends like 
mentioned above can not be performed. 
 
3.6.6 NMR investigation of PA6 blends 
From the former investigations, it has already been indicated that a reactive system, and a 
phase separated system were formed by melt blending of PA6 with P1 and P2, respectively. 
In order to obtain direct evidence for the reaction between the hb polyesters and PA6 during 
melt compounding, NMR investigations on the blend samples were tried. The biggest 
problem for the NMR measurements of the blend samples is that it is quite difficult to find a 
suitable solvent for both components and the blends. In this study, the blends and the 
separated components (PA6 and the hb polyesters), were investigated by 1H-NMR using a 
mixture of DMSO-d6 and deuterated trifluoroacetic acid (TFA-d1) as solvent. 
In the spectra of the PA6+10 wt.-% P1 blend sample (B37), both signals from the two 
components were clearly visible. The signals with narrow line were observed in the region 
where the aromatic proton signals from the hb polyester (from δ=6.3 to 7.3 ppm) should be 
present. By comparison with the measurement of the pur components an improved solubility 
of the hb polyester was also visible. This hints to the compatibilization of the components, for 
instance trans-reactions like transesterification or transamidation occurred. 
However, solubility of the PA6+10 wt.-% P2 blend sample (B45) in the solvent mixture is not 
as good as that of B37. Twin signals were observed in the spectra, which indicates that two 
phases but not insoluble particles were formed. As a result TFA is rich in one phase and poor 
in another one. This behavior is quite surprising and the reason for that is not clear now. 
There are a large number of functionalities (or sites), for instance ester, amide and phenolic 
end groups, in the blends which provide numerous possibilities for reactions. Direct evidence 
(such as new structures result from reaction) for the reaction between the blend components 
was not forthcoming from the NMR analysis. However, r sults are consistent with possible 
reaction occurring, especially between PA6 and P1. 
 
3.6.7 Comparison of the thermal properties of PA6T/6 blends and PA6 blends 
PA6T/6 is a partly aromatic polyamide while PA6 possesses an aliphatic structure. Therefore, 
comparing the blends of them with the same hb polymers may provide some more 
information about the interaction between the hb polyesters and the matrix polyamides with 
different structures. Again the thermal properties of the blends are of the highest interest. The 
Results and Discussion 
 87
glass transition, melting, and crystallization behavior examined by DSC of both PA6T/6 and 
PA6 blend samples is shown in Appendix-3. 
The data show that the Tg of the blends increased with increasing content of P1 in both matrix 
polyamides. In contrast to this, the addition of P2 to the polyamides had a much lower effect 
on Tg of the blends. A negligible effect on the Tg was found for PA6T/6+P2 blends, whereas 
the observed increase of Tg in PA6+P2 blends was in accordance to that calculated by the Fox 
equation (B43-B46). The findings suggest that the comp unding conditions (e.g. temperature) 
have a crucial influence on the results. As known from the synthesis section, polyester P2 
underwent side reactions like post-polymerization at the higher processing temperature (320 
°C) applied for preparing the PA6T/6 blends, which most probably prevented the formation of 
miscible blends. Due to the nature of the A2+B3 polyesters (P2), post-polymerization may 
lead to crosslinking and thus the formation of gel particles which allow poor mixing with the 
thermoplastic matrix. The post-polymerization may be partly suppressed in the PA6+P2 
blends due to the lower processing temperature (250°C) which permits at least a certain 
degree of miscibility and thus led to the increase in Tg of the PA6 matrix following the Fox 
equation. 
 
 
Figure 3.41. Cooling curves of the original and thermally processed PA6T/6 from DSC 
measurements. 
 
In addition, it was observed that after processing at 320 °C the pure PA6T/6 exhibited a ~13 
K higher onset of crystallization temperature (Tc,o) and lower value of ∆Tc, Tc,o-Tc,m (Tc,m is 
middle of crystallization temperature), compared to the original PA6T/6 (Figure 3.41), 
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whereas the melting temperatures remain almost the same (Appendix-3). This fact points to 
an increase of the crystallization rate (∆Tc, which is often used to estimate the crystallization 
rate roughly) of the original polyamides by thermal processing, which agrees with the 
observations reported by Huber et al.[53] And the measurement of pure PA6 showed similar 
results. 
For the PA6T/6+P1 blend system, both, the crystallinity and the melting temperatures (Tm) 
decreased with increasing content of P1. In the first heating run of the DSC a considerable 
cold crystallization of the amorphous part of PA6T/6 was observed for B2-B6 at the 
temperature above Tg. During cooling the crystallization was complete and no cold 
crystallization was observed in the 2nd heating run. One can assume from those results tha 
probably not the whole PA6T/6 has reacted with P1 (see also TEM images, Figure 3.31). 
Adding 20 wt.-% of P1 to PA6T/6 resulted in a blend with a ∆Hm of 28 J/gPA (values 
corrected for the amount of pure polyamide in the material, Appendix-3), which is only half 
of that of the blend containing 1 wt-% of P1. The effect was not so pronounced in case of 
PA6+P1 blends (B35 vs. B38). With increasing amount of P1 in the blends only a slight but 
continuous inhibition of the crystallinity as well as of Tm were observed. The decreasing 
crystallinity of PA6 blends with increase of P1 content is most probably attributed to the 
dilution effect due to the addition of P1, which retards the crystallization of PA6. The cooling 
scan results show a continuous reduction of Tc,o with increasing amount of P1 added to the 
polyamides. This behavior suggests that the hb polyester P1 did not act as nucleation agent 
and the crystallization of both polyamides is retarded by the addition of P1, especially at high 
contents of P1. The shift of Tm towards lower values indicates a variation of the size of 
crystallites in blends of P1 and polyamides. Besides crystallization temperature, P1 also 
affects the crystallization rate of the polyamides in the blends, which was reduced with 
increasing content of P1 in blends. 
Obviously, the effect on the thermal properties with increasing P1 content was much more 
pronounced for the PA6T/6 blends than that of PA6 blends. This could be interpreted as 
follows: a) there is a different reactivity between P1 and the linear or the partly aromatic 
polyamide, or b) the higher mixing temperature (320 °C for PA6T/6 blends) resulted in a 
higher degree of chemical modification or a more int nsive interaction between the two blend 
components. 
Compared to the results of P1 blends, no significant decrease on Tc,o, ∆Tc and crystallinity 
with both types of polyamides was observed by addition of P2. The P2 containing blends 
exhibited similar results as those found for the blnds of PA6 and hyperbranched poly(ether 
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amide)s[53] as well as the blends of PA6 and hyperbranched polyaramid.[76] In those cases no 
remarkable change of Tm or crystallization behavior of the blends with addition of hb 
polymers were observed. 
 
 
3.7 Blends of PA6T/6a and AB2 hb polyester prepared by extruder 
3.7.1 Blend preparation by extruder 
 
 
Figure 3.42. Screw used in the extrusion experiment. 
 
In order to investigate the possibility of modification of PA6T/6a with the AB2 hb polyester in 
an extruder and also to obtain information about the mechanical properties of the polyamide 
blends, an extrusion experiment for preparing blends was performed. Thus, the scale-upd AB2 
hb polyester (P1-up, in section 3.1.4, Table 3.1) was used for melt compounding with one 
type of partly aromatic polyamide (PA6T/6a, Table 3.7) together with a glass fiber (GF, 
PPG3660, from BASF-SE) on an extruder at ~310 °C. The screw used in the extrusion 
experiment is shown in Figure 3.42. Totally, five granulated products were prepared by the 
extrusion experiment (Table 3.15). 
 
Table 3.15. Products prepared by extrusion experiment. 
pa value calculation based on the pure PA amount in ble ds. 
Sample Component & Content Appearance 
EX-1G PA6T/6a white 
EX-2G PA6T/6a + 50 wt.-%pa GF gray white 
EX-3G (PA6T/6a+10 wt.-%pa P1-up) + 50 wt.-% GF dark brown 
EX-4G PA6T/6a + 34 wt.-%pa GF gray white 
EX-5G (PA6T/6a+10 wt.-%pa P1-up) + 31 wt.-% GF light yellow 
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3.7.2 Tg results of the products from extrusion experiment 
The Tg of the samples from the granulated products and injection molding specimens of 
extrusion experiment were determined both by DSC and DMA measurements (Table 3.16). 
The granulated samples were obtained directly after th  extrusion experiment and marked 
with a “G” at the end of sample name, the injection molding samples were obtained from the 
specimens after the injection molding process of the granulated products and are marked with 
an “in” at the end of sample name. The DSC Tg values were calculated from the 2
nd heating 
run curves and the DMA Tg results were determined by loss modulus vs. temperature curves 
from DMA measurements. 
 
Table 3.16. Tg results of the samples from extrusion experiment. 
Sample Component & content  (wt.-%pa) Tg (°C)
  DMA Tg (°C) 
EX-1G a PA6T/6a 104 - 
EX-2G a PA6T/6a + 50 wt.-%pa GF 104 - 
EX-3G a (PA6T/6a+10 wt.-%pa P1-up) + 50 wt.-% GF 102 - 
EX-4G a PA6T/6a + 34 wt.-%pa GF 104 - 
EX-5G a (PA6T/6a+10 wt.-%pa P1-up) + 31 wt.-% GF 107 - 
EX-1in b PA6T/6a 103 99 
EX-2in b PA6T/6a + 50 wt.-% GF 104 99 
EX-3in b (PA6T/6a+10 wt.-%pa P1-up) + 50 wt.-% GF 107 99 
EX-4in b PA6T/6a + 34 wt.-% GF 103 99 
EX-5in b (PA6T/6a+10 wt.-%pa P1-up) + 31 wt.-% GF 108 99 
a G-granulated samples of extrusion experiment; 
b
 in-injection molding samples of extrusion experiment; 
pa value calculated base on the pure PA amount in blends. 
 
A negligible effect of the addition of P1-up to PA6T/ a on the DSC Tg results (3-5 °C) was 
observed after extrusion experiment (Table 3.16). Furthermore, the DMA results showed only 
one Tg (99 °C) for all of the investigated samples. No increase of Tg was detected by DMA for 
the samples containing P1-up (EX-3in and EX-5in), butthe DSC measurements of them 
showed a further increase of Tg compared to those of the granulated ones (EX-3G and EX-
5G). This fact most probably indicates that the injection molding might be a further 
processing step for the granulated products obtained directly from the extrusion experiment 
and leads to an enhanced mixing of the components, which increased the Tg of the materials. 
Therefore, the assumption can be given that the materials were un-sufficiently processed 
during the blend preparation by extrusion experiment which resulted in a poor interaction 
between the components, and in the negligible Tg effects of the matrix polyamide after 
addition of the hb polymer. 
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Figure 3.43. Loss modulus vs. temperature plots of the injection molding samples with a) 50 
wt.-% of GF and b) 34/31 wt.-% of GF from DMA measurements. 
 
The loss modulus vs. temperature curves of the samples containing P1-up after injection 
molding showed small shoulders in comparison to those extrusion samples without hb 
polymer (Figure 3.43), which seems to suggest the existence of a second Tg in the blends. 
However, at the same position the corresponding behavior of storage modulus dependent on 
the temperature did not point to the existence of an ther glass transition (Figure 3.44). The 
“s” shaped turning in the storage modulus vs. temperature curves of the samples containing 
P1-up (EX-3in and EX-5in) observed at around 125 °C differed from the typical glass 
transition of DMA measurements. This could be interpr ted as evidence for a chemical 
reaction as well as increase in crystallinity for instance by cold crystallization, which has 
already been detected by DSC for the blends with similar content of P1 prepared by mini-
compounder (section 3.6.7). Both effects can cause an increase of the storage modulus as 
shown in the figure. Furthermore, the DSC measurements of the same samples also detected 
only one Tg, thus the second Tg of the extrusion samples containing the hb polymer can be 
excluded. 
In addition, a significant increase of the modulus was visible by addition of the glass fiber to 
PA6T/6a (Figure 3.44), as well as a slight increase of storage modulus before the glass 
transition of the samples (EX-2in, EX-3in and EX-4in)  the range of 50-100 °C. This 
behavior most probably is due to the loss of moisture or solvent from the samples; the drying 
process could result in a small improvement of stifness and thus led to the slight increase of 
modulus of the materials. 
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Figure 3.44. Storage modulus vs temperature plots of the extrusion amples from DMA 
measurements. 
 
As mentioned above the Tg results of the samples indicated that in-sufficient processing 
conditions (temperature, residence time) were used in xtrusion experiment. This encouraged 
us to carry out several additional blend preparation experiments by mini-compounder using 
the granulated extrusion products as matrix polymers in order to reveal the reason for the 
negligible Tg effects of the polyamide modified with the hb polyester by extrusion experiment. 
Thus the non-modified granulated products from extrusion experiment, EX-2G and EX-4G, 
were used as the matrix materials in melt mixing with P1-up at 310 °C for 5 min by mini-
compounder additionally. Tg of the resulting blends were then characterized by DSC (Table 
3.17). About 10 or 15 wt.-%pa of P1-up was added to EX-2G and EX-4G and resulted in 
blends with obviously increased Tg values. Furthermore, the granulated products (both 
modified and non-modified) from extrusion experiment (EX-2G~-5G) were also thermally 
processed again by mini-compounder in the same conditi s and characterized by DSC as 
well. After reprocessing the Tgs of the extrusion samples containing P1-up were futher 
increased compared to those of the granulated extrusion products without reprocessing (Table 
3.16). The reprocessed samples showed similar Tg as those of the blends with the same 
content of P1-up prepared by mini-compounder. These facts confirmed the assumption that 
un-optimized processing conditions were present in the extrusion experiment for preparing 
the blends. As a result the materials were not well mixed and the maximum interactions 
between the components were not fully reached. 
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Table 3.17. DSC Tg results of the blends prepared with granulated extrusion products and 
the reprocessed extrusion samples by mini-compounder. 
Sample Component & Content Tg (°C) 
Blends prepared from granulated extrusion products: 
BEX-2-10 EX-2G + 10 wt.-%pa P1-up 115 
BEX-2-15 EX-2G + 15 wt.-%pa P1-up 122 
BEX-4-10 EX-4G + 10 wt.-%pa P1-up 110 
The reprocessed granulated extrusion products: 
BEX-2 EX-2G 101 
BEX-3 EX-3G 112 
BEX-4 EX-4G 101 
BEX-5 EX-5G 108 
pa value calculation based on the pure PA amount in ble ds. 
 
3.7.3 Mechanical test of the samples from extrusion experiment 
Tensile tests and impact bending tests (Charpy) were p formed with the melt injection 
molding specimens to determine the mechanical properties of the products obtained from 
extrusion experiment (Table 3.18). The results of tensile tests indicated that addition of glass 
fiber resulted in an obvious increase of the modulus of resulting materials, which has already 
been observed in the DMA measurements of the same sples. After addition of 10 wt.-%pa 
of P1-up to the PA6T/6a and GF (sample EX-3in and EX-5in) the Young’s modulus (Et) of 
the resulting materials remained almost constant. This suggested that the materials exhibited a 
similar stiffness after melt modification with the b polymer. However, the results of impact 
bending tests (Charpy) on the samples containing hb polymer showed a dramatic reduction of 
fracture energy, which pointed to an increased brittleness of the materials after addition of the 
hb polymer. 
 
Table 3.18.  Mechanical tests results of extrusion samples. 
Sample Et  
(MPa) 
σB 
(MPa) 
εB    
(%) 
σM  
(MPa) 
εM   
(%) 
Charpy acA 
a 
(kJ/m2) 
Charpy acU 
b 
(kJ/m2) 
EX-1in 3136 61.7 15.3 95 5 7.2 186.9 
EX-2in 17138 250 2.9 252.6 2.9 14.9 104.5 
EX-3in 17835 165.5 1.4 167.7 1.4 13.3 46.8 
EX-4in 11547 215.4 3.5 219.2 3.3 11.6 91.6 
EX-5in 10660 108 1.6 108.8 1.6 12.4 33.6 
a  from notched specimen; 
b  from un-notched specimen. 
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3.7.4 Melt rheology of the samples from extrusion experiment 
Both the injection molded samples and the granulated samples from extrusion experiment 
were characterized by melt rheological measurements (Figure 3.45). The melt injection 
molded samples containing P1-up (EX-3in and EX-5in) showed a more pronounced decrease 
of complex viscosity than those of the corresponding granulated samples (EX-3G and EX-
5G), which indicated that the further processing step during the injection molding resulted in 
a more intensive interaction between the components in the blends. This led to a further 
modification of the polyamide by the hb polymer. The results also pointed to the non-optimal 
processing conditions of the extrusion experiment. 
 
  
Figure 3.45. Melt rheological behaviors of a) the granulated products and b) the injection 
molding samples from extrusion experiment. 
 
3.7.5 Further characterizations of the samples from extrusion experiment 
The granulated samples were sent to determine the amino end groups (AEG) values, viscosity 
number (VN) and melt volume-flow rate (MVR) (Table 3.19). As expected, a reduction of 
viscosity (VN values) of the polyamide after addition of P1-up was observed. The AEG 
values of the extrusion samples with 10 wt.-%pa of P1-up (EX-3G and EX-5G) were also 
decreased, which is quite different from those former results of the blends with similar 
compositions prepared by mini-compounder (Table 3.10, section 3.5.7). But as indicated by 
the above results of the same samples, the materials were not well processed and thus the 
preconditions for starting the reaction between hb polyester and polyamide were not fulfilled. 
The increase of MVR values also pointed to a melt viscosity reduction of the products after 
addition of the hb polymer. 
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Table 3.19. AEG, VN and MVR results of the samples from extrusion experiment. 
Sample Component & Content 
 
AEG 
(meq./kg) 
VN 
(mL/g) 
MVR 
(cm3/10min) 
PA6T/6a original product without processing 27 131 - 
EX-1G PA6T/6a 25 128 143 
EX-2G PA6T/6a + 50 wt.-%pa GF 17 114 34 
EX-3G (PA6T/6a+10 wt.-%pa P1-up) + 50 wt.-% GF 8 51 >250 
EX-4G PA6T/6a + 34 wt.-%pa GF 19 117 49 
EX-5G (PA6T/6a+10 wt.-%pa P1-up) + 31 wt.-% GF 7 30 >250 
pa value calculation based on the pure PA amount in ble ds. 
 
 
3.8 Model compound investigation 
For a better understanding of the interaction betwen the hb polymers and the matrix 
polyamides in blends, a few more investigations on one compound with ester functionalities 
and two model compounds were carried out for mimicking the interactions between the 
polyamides and the hb polyesters in blends. 
 
3.8.1 Ester group investigation 
Since the hb polyesters were compounded with different linear polyamides in the melt, it is 
meaningful to investigate the influence of amines on the ester groups. Therefore, some 
experiments were carried out to study whether or not the ester groups will be modified by 
amino groups during the melt compounding process since there is high probability that free 
amines existed in the polyamides. A special compound, methyl-phenyl-terephthalate (J650/3), 
containing both phenolic ester and methyl ester groups was used in the experiments under 
relatively mild conditions. This may be able to provide information about the possible 
interaction or reaction between the hb polyesters and the free amines existing in the 
polyamides. Butyl amine was used in the first step and ethanol amine was used for further 
reaction in the experiment. The reactions were monitored by FTIR measurements. The Figure 
3.46 show the schematic process of the performed experiments and the FTIR spectra of the 
resulting samples. 
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Figure 3.46. Reactions of methyl-phenyl-terephthalate with primay mines. 
 
The results show that the phenyl ester group reacts relative easily with the primary amine 
(butyl amine) forming the amide ester even at room te perature. However, the conversion of 
the methyl ester by the ethanolamine required a much higher temperature (135 °C) than the 
reaction of the phenyl ester group. Since the melt compounding temperature of the blends is 
even much higher than 135 °C, this means that the hb polyester systems are also in a risk of 
reacting easily with the free amines in polyamides, if existing, during the melt mixing 
process. This finding also supports the assumption that possible trans-reactions could easily 
occur during the blends preparation in melt. 
 
3.8.2 Investigation on model compounds 
Furthermore, two model compounds: N,N'-dihexyl terephthalamide (M-1) and T6T6T-
diphenyl (M-2), were synthesized and used in experim nts for the purpose of studying the 
interactions between the hb polyesters and the polyamides in blends. 
The first model compound, M-1, was synthesized by a reaction of TCl with hexylamine as 
shown in Scheme 3.8. M-1 was then purified by recrystallization and examined by thin layer 
chromatography (TLC) measurements. The TLC tests with 5 % ethanol in acetonitrile and 5 
% ethanol in chloroform as developing solvents showed only one small spot, which pointed to 
a quite high purity of M-1. 
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Scheme 3.8. Synthesis of the model compound M-1. 
 
M-1and the AB2 hb polyester were mixed together in a molar ratio of 2:1 respectively in N-
methyl-2-pyrrolidone (NMP) and heated up to 150°C under a nitrogen stream. After 3 hours 
of stirring the mixture was cooled down. The experimnt was followed by FTIR, however no 
changes from the IR spectra of the samples before and after the heating was visible. Then the 
residual AB2 hb polyester was separated from the mixture after working up and investigated 
by SEC. SEC results showed an obvious reduction of molecular weight (Mw from 12800 to 
9000 g/mol) of the residual hb polyester after treatment with M-1 at 150 °C. This indicated a 
possible degradation of the hb polymer chains. 
 
 
Scheme 3.9. Synthesis of the model compound M-2. 
 
The second model compound, T6T6T-diphenyl (M-2), was synthesized according to 
Gaymans et al.[151] (Scheme 3.9). The structure of product M-2 was verified by 1H-NMR 
measurement (Figure 3.47). The purity of M-2 was also calculated according to the method 
described in the paper of Gaymans. In pure T6T6T-diphenyl the ratio between the integrals of 
peak 9 and peak 8,1 is 1:2, and for the pure octa-amide T6T6T6T6T the value is 1:4. It is 
expected that the product will contain the octa-amide as impurity. The 1H-NMR spectra also 
supported this assumption, in which the overlapped ak of protons 8 and 1 showed a small 
shoulder. This shoulder is most probably caused by the shift due to the existence of a longer 
chain in the product. Therefore, since the impurity is the octa-amide, the purity of T6T6T-
diphenyl in the product can be calculated by comparing the integral ratio of peak 9 and peak 
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8,1 to those values of pure components (1:2, or 1:4). Thus the purity of M-2 is about 85 % 
after calculation and the melting temperature is 302- 4 °C. 
 
 
Figure 3.47. 1H-NMR spectra and the signal assignments of T6T6T-diphenyl. 
 
In the further experiment, the model compound M-2 was mixed together with the hb polyester 
physically in the same rate and under similar conditions (300 °C for 5 min) as those of blend 
preparation. However, the results of the experiment failed to provide evidences or more 
information about the possible trans-reaction of the blend components since it is difficult to 
characterize the insoluble mixture after the processing at high temperature. Although the 
temperature was similar as that used in blend preparation, mechanical processing effect 
induced by the screw extrusion could not be mimicked in the lab. It is possible that reactive 
extrusion experiments of the model compounds or low molar mass substance and matrix 
polyamides[139] are better ways to investigate the interaction betwe n the blend components. 
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4. Summary and Outlook 
Hyperbranched aromatic polyesters with high Tg and phenolic end groups were synthesized 
using AB2 and A2+B3 approaches (Scheme 4). The AB2 hb polyester was synthesized by melt 
polycondensation of the well-known monomer, 3,5-bis(trimethylsiloxy)benzoyl chloride. 
Synthesis of this monomer is a critical step for preparing the AB2 hb polyester with a high 
yield. By using a Short Path Distillator system larger amounts of AB2 monomer were 
available and thus scale-up preparation (ca. 90 g) of the AB2 hb polyester was performed 
successfully with respect to the molar masses, DB, Tg and thermal stability. In addition the 
by-product during polymerization, hexamethyldisiloxane, was identified by analytical 
investigations and a method for removing it from the AB2 hb polymer was developed. The 
AB2 monomer was also copolymerized with a core molecule leading to a hb polymer with 
same DB, however, a lower thermal stability and molar mass compared to the AB2 hb 
polyesters without core. Due to the strong interaction between the large number of OH groups 
in the polymer and the column materials, SEC measurements of the AB2 hb polyester showed 
results with poor reproducibility. Therefore, the asymmetric flow field-flow fractionation 
(A4F) method was used to determine the molecular weight of the AB2 hb polyester. 
 
 
Scheme 4. The schematic structures of studied aromatic hyperbranched polyesters. 
 
The A2+B3 hb polyesters were prepared by both, solution and melt polymerization. In the 
solution polymerization of the A2+B3 monomers, terephthaloyl chloride (TCl) and 1,1,1-
tris(4-hydroxyphenyl)ethane (THPE) respectively, a strong dependence of the yield and the 
molecular weights of the resulting hb polymers as well as gelation occurrence on the 
monomer ratio (A2:B3) was observed. As the stoichiometric ratio of the functionalities (A and 
B) was approached the molecular weight of the resulting hb polymers increased and as a 
consequence also Tg and DB. However, gelation could not be avoided when igh molar mass 
products were targeted for and when higher monomer concentrations were used gelation was 
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harder to avoid. The TGA investigations of the A2+B3 hb polyesters indicated a relatively high 
thermal stability (400-427 °C at 10 % weight loss) of the polymers. Polymerization with 
lower A2 monomer ratio, however, resulted in hb polymers with higher amount of oligomer 
species which lowered the whole thermal stability of these A2+B3 hb polyesters. A thermally 
induced evolution of phenol due to the decomposition of the terminal B groups in the A2+B3 
hb polyesters was identified. The kinetic investigations on the solution polymerization of 
A2+B3 monomers indicated that the polymerization was finished within two hours suggesting 
an easy and fast synthesis of hb polymers with highTg (199-268 °C). 
In the melt polymerization of TCl and 1,1,1-tris(4-trimethylsiloxyphenyl)ethane (TMS-
THPE) as A2 and B3 monomer, respectively, a dependence of DB and molar m ss on 
monomer ratios (A2:B3) was also found. In general, the A2+B3 hb polymers synthesized by 
melt polymerization exhibited lower yields, DB, and molar masses than those of the hb 
polyesters from solution polymerization with the same monomer ratio, however, no gelation 
was observed. Most probably, volatilization of the A2 monomer (TCl) during the melt 
polymerization and thus changes in the monomer ratio was the reason for this difference. 
Compared to the AB2 hb polyester, preparation of A2+B3 hb polyesters by solution 
polymerization has the advantages of easier synthesis route under quite mild conditions (room 
temperature in solution) as well as less expensive, commercially available starting monomers 
(TCl and THPE). However, the AB2 monomer resulted in higher molar mass products with a 
higher DB as well, without any danger of gelation during polymerization. Analytical results 
showed that AB2 hb polyesters possess a higher density of OH groups but lower thermal 
stability than the A2+B3 hb polyesters. Furthermore, the melt rheology of bth, AB2 hb 
polyester and A2+B3 (3:4) hb polyester from solution polymerization, exhibited a shear 
thinning behavior. A post-polymerization molar mass build-up of the A2+B3 (3:4) hb 
polyester during high temperature processing was observed. The A2+B3 (3:4) hb polyester 
exhibited a predominately viscous behavior (G’’> G’), while the AB2 hb polyester acted as a 
completely elastic material (G’’< G’). 
The behaviors of both hb aromatic polyesters in modifying linear polyamides by melt 
compounding was studied. The selected AB2 and A2+B3 hb polyesters were added as 
additives to different types of polyamides in melt. The AB2 hb polyester (P1) was the most 
efficient additive for modifying partly aromatic polyamides with respect to the increase of Tg 
of the blends. Depending on the content of P1 the Tg of the blends was increased from 97 °C 
up to as high as 140 °C (28 wt.-%pa of P1 based on pure PA in PA6T/6GF). The Tg increase 
was much higher than that predicted by Fox equation and was accompanied by a significant 
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reduction of the melt viscosity as well as the crystallinity of the blends. Finally, fully 
amorphous products were obtained by the addition of m re than 21 wt.-%pa of P1 to 
PA6T/6GF. DSC investigations showed that the crystallization of the polyamides was 
retarded by the addition of P1. The findings obtained from the blends of partly aromatic 
polyamides and P1 suggest that a miscible (reactive) blend system was formed by melt 
compounding at high temperature (320 °C). Morphological results of the blend samples 
support this suggestion (Figure 4). 
In the case of PA6 blends, which were prepared at lower temperature (250 °C), the effects of 
the addition of P1 were not so pronounced as found for the former PA blends. SEM results 
point also to the formation of miscible blends of PA6 and P1, even at high concentration of P1 
(15 wt.-%), which most probably is favored by formation of strong hydrogen bonds between 
P1 and PA6. The scale-up hb polyester P1 was also used for blend preparation with PA6T/6a 
and glass fiber (GF, PPG3660) by an extruder at 310 °C. However, only negligible effects of 
the addition of P1 on the Tg of the products were observed. Further investigations on the 
extrusion products pointed to un-optimized extrusion c nditions. The results of mechanical 
tests indicated that addition of P1 to PA6T/6a+GF result d in products with comparable 
moduli and increased brittleness. 
 
  
Figure 4. SEM images of the etched PA6 blend samples: a) PA6 + 10 wt.-% of P1 formed 
miscible blend; b) PA6 + 10 wt.-% of P2 resulted in immiscible blend. 
 
In contrast, the modification of partly aromatic polyamides with the A2+B3 hb polyester from 
solution polymerization (P2) did not show promising enhancement of Tg only a small 
decrease of melt viscosity at high content of P2 in the blends. The Tg values of the PA6+P2 
blends, however, are close to those calculated by Fox equation but were not as high as those 
observed for the PA6+P1 blends. The advantage for using P2 as melt modifier is that in the 
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resulting blends of P2 and PA6 the crystallinity is kept nearly constant while the Tg is 
increased. On the other hand, the addition of P2 to PA6 resulted in a continuously increased 
zero-shear viscosity from 380 Pa s to 920 Pa s with increasing content of P2 from 0 to 15 wt.-
% in the blends. SEM investigations of the blends of all polyamides and P2 showed the 
formation of heterogeneous systems (Figure 4). Most probably, a post-polymerization molar 
mass build-up of P2 took place during the melt compunding leading to an increase of melt 
viscosity and phase separation due to a filler-like eff ct caused by P2, which formed after 
aggregation gel-like particles in the matrix polyamides. 
Although both pure hb aromatic polyesters exhibited a shear thinning like behavior, the PA6 
blends containing them showed Newtonian behavior even at high concentration of hb 
polymers (15 wt.-%). Furthermore, in all blends theviscous behavior predominated but the 
materials became more and more elastic with increasing content of hb polyesters in the 
blends. The different structures of two hb polyesters clearly influenced the properties of the 
resulting blends in different ways even though both hb polyesters contain a significant amount 
of phenolic OH groups which can undergo hydrogen boding with the polyamides. Generally, 
the addition of P1 to the linear polyamides showed a more pronounced effect on the 
improvement of Tg and the processability of the blends than that of P2. It can be assumed that 
on the one hand the gelation tendency of P2 at higher processing temperature but also the 
larger non-polar branching unit and the lower branchi g density lead to a lower miscibility of 
P2 with the polyamide matrixes. In addition, compared to P1 the lower density of phenolic 
OH end groups in P2 which led to a lower possibility for hydrogen bonding (or trans-
reactions) between P2 and polyamides, can also makea difference. 
Investigations on the model compounds suggested a possible cleavage of the hb polymer 
chains under processing conditions. In depth NMR and SEC investigations on the blend 
samples also pointed to clues of the trans-reactions occurring between the polyamides and the 
hb polyesters. 
 
As final conclusion, the A2+B3 type hb polyesters have much less potential as processing 
additive or blend component in linear thermoplastic polyamides compared to the AB2 hb 
polyesters due to the potential post-polymerization at the processing temperatures. However, 
A2+B3 hb systems possess the advantage of easier synthetic stra egy as well as less expensive 
and commercially available starting monomers compared to the AB2 hb polymer. 
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Concerning the obtained results, further work could focus on the more efficient end caps for 
the A2+B3 hb polyesters instead of the ester group to stop possible post-polymerization, for 
instance amide end groups. More extensive extrusion experiments could also be carried out 
for the purpose of adjusting the experimental conditions to produce the materials with the 
same properties as those prepared by mini-compounder after addition of the hb polyester, 
such as degassing, temperature variation and increasing the residence time of the materials in 
extruder. Reactive extrusion experiment of model comp unds (or oligomers) can be suggested 
as the better way to investigate the interactions between the blend compounds in melt. 
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5. Experimental Section 
5.1 Chemicals and reagents 
The old terephthaloyl chloride (TCl) was further refreshed by thionyl chloride (SOCl2) before 
using it for reaction. All of the other chemicals and reagents were used as received from the 
commercial suppliers. 
 
Name Purity (%) Supplier 
Acetyl chloride ≥99 Fluka 
Acetone ≥99 Fluka 
Adipoyl dichloride ≥99 Fluka 
Aluminum oxide (neutral) ≥98 Fluka 
Benzoyl chloride  ≥99.5 Fluka 
Butylamine ≥99 Fluka 
Chloroform ≥99 Acros 
Chlorotrimethylsilane ≥99 Merck 
Diethyl ether ≥99.7 Merck 
3,5-Dihydroxybenzoic acid ≥97 Fluka 
N,N’-Dimethylformamide ≥99.5 Fluka 
Dimethyl terephthalate ≥98 Acros 
Dimethyl sulfoxide ≥99.5 Fluka 
Ethanol ≥99.5 Acros 
Ethanolamine ≥99 Fluka 
1,1,1,3,3,3-Hexafluor-2-propanol ≥99 Aldrich 
1,1,1,3,3,3-Hexamethyldisilazane ≥98 Merck 
Hexylamine ≥98 Fluka 
1,6-Hexamethylenediamine ≥99 Fluka 
Hydrochloric acid 37 Fisher Scientific 
N-methyl-2-pyrrolidone ≥99.5 Merck 
Methanol 99.99 Acros 
Methoxy phenoxy terephthalate - from IPF colleague 
Phenol 99.5 Sigma-Aldrich 
Sulphuric acid 95-98 Acros 
Experimental Section 
 105
Sodium hydroxide ≥98 Fluka 
Terephthaloyl chloride ≥99 Fluka 
Tetrahydrofuran ≥99.5 Fluka 
Thionyl chloride ≥99 Fluka 
Toluene ≥99.7 Fluka 
Triethylamine ≥99.5 Fluka 
Triethylamine hydrochloride ≥99 Fluka 
Trifluoroacetic acid 99 Sigma-Aldrich 
1,1,1-Tris(4-hydroxyphenyl)ethane 99 Aldrich  
 
 
5.2 Characterization methods 
Nuclear magnetic resonance 
Nuclear magnetic resonance (NMR) spectra were record d on a Bruker DRX 500 NMR 
spectrometer (Bruker, Germany) usually in deuterated DMSO (DMSO-d6). The solvent 
DMSO-d6 [δ(
1H) = 2.50 ppm, δ(13C) = 39.60 ppm] was used as lock and internal standard. 
Deuterated chloroform (CDCl3), deuterated trifluoroacetic acid (TFA-d1) or the mixture of 
TFA-d1 and DMSO-d6 were also used as solvents for the measurements of model compounds 
or the PA blend samples. The measurements were carrid out with the operating frequency of 
500.13 MHz for 1H and 125.77 MHz for 13C. The degree of branching (DB) of the hb 
polyesters can be determined both from 1H-NMR and 13C-NMR spectra signals according to 
the methods introduced in literatures.[6,7,143] 
 
Size exclusion chromatography 
The Size exclusion chromatography (SEC) measurements in freshly distilled THF containing 
0.025 % 2,6-dimethyl-4-tert-butylphenol (BHT) were prformed with a PLgel mixed B 
column (Polymer Laboratories, UK). The system consists of a pump from WEG Dr. Bures 
(Germany), a multi-angle laser light scattering DAWN EOS MALLS detector with 18 
detection angles (λ=632 nm, Wyatt Technologies, USA) and a refractive index (RI) detector 
(Knauer, Germany). The flow rate was 1.0 mL/min at a temperature of 25 °C. In order to 
obtain full information about the polydispersity of the samples, linear fit of the dependence 
molar mass/elution volume has been applied. 
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For the characterization of PA blend samples the mixture of pentafluorophenol/chloroform 
(1/2, v/v) was used as eluent in the measurements, using modular GPC with an apparatus of 
KNAUER HPLC-Pump 64/1200 and KNAUER Differential refract meter. The column Plgel 
5 µm MiniMIX-C/D were used with a flow rate of 0.3 mL/min. Polystyrene standards were 
used for calibration. 
 
Asymmetric flow field-flow fractionation 
The asymmetric flow field-flow fractionation (A4F) measurements were used for determining 
the molar mass of AB2 hb polyesters with phenolic OH groups.
[59,65] All of the A4F 
measurements were performed on an organic Eclipse 3 system (Wyatt Technologies Europe, 
Germany) with a long channel, polyetheretherketone (PEEK) cover plate and an isocratic 
pump and degasser of 1200 series (Agilent Technologies, USA). Detection was carried out by 
a Mini-DAWN light scattering detector (λ=632 nm, Wyatt Technologies, USA) and a 
refractive index (RI) detector (Knauer, Germany). Distilled THF containing 0.025 % BHT 
was used as solvent for the sample preparation as well as eluent for the experiments. All 
samples were filtered through a 0.45 µm polytetrafluoroethylene (PTFE) filter. The injection 
volume was about 50 µL with a sample concentration of 2 mg/mL. At the accumulation wall 
of the A4F channel, regenerated cellulose having a molecular weight cut off of 5 kDa 
(Microdyn Nadir, Germany) was placed. The wide channel spacer had a thickness of 350 µm. 
The channel flow rate Vc was permanent at 1 mL/min and the injection flow rate was about 
0.2 mL/min. Only the cross flow rates Vx during the separation methods (gradient or isocratic) 
were changed according to the molar mass distribution of the samples. 
For data collection and interpretation of the SEC and A4F-MALLS measurements Astra 
software 4.9.1 was used, and Corona 1.40 software was used to perform the baseline 
subtraction, due to baseline drift of the RI-signal during the A4F measurements. The 
refractive index increment, dn/dc of 0.25 mL/g for all light scattering calculations was 
determined using a differential refractive index detector of WGE Dr. Bures (Germany) at a 
wavelength of 620 nm and a temperature of 25 °C. 
 
Pyrolysis and head-space gas chromatography-mass spectrometry 
The pyrolysis gas chromatography-mass spectrometry (GC-MS) measurements were done 
using a gas chromatograph 5890 (Hewlett Packard, USA) with mass-selective detector 
5971A, and pyrolysator Pyroprobe 2000 (CDS Instruments, USA) at the required 
temperatures. The samples (~100 mg) were filled intoglass tubes and preheated in an 
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interface at 140 °C before pyrolysis investigation. The head-space GC-MS measurements 
were carried out on the samples (~56 mg) in sealed glass bottles at desired temperatures using 
a Headspace Sampler HP7694 (Agilent Technologies, USA) and GC 6890 and MSD 5973 
(Agilent Technologies, USA). 
 
Differential scanning calorimetry 
Differential scanning calorimetry (DSC) was done using a DSC Q1000 Advanced TZERO
TM 
(TA-Instruments, USA) for studying the Tg, the melting and crystallization behavior of the 
samples. The DSC measurements were performed under N2 in the range between −80 and 340 
°C at a heating rate of 10 K/min as cycles consisting of 1st heating-cooling-2nd heating scans. 
The Tg of the hb polymers was determined from the 2
nd heating run by half step method. 
 
Thermal gravimetric analysis 
Thermal gravimetric analysis (TGA) was done with a TGA7 (Perkin Elmer, USA) and TGA-
Q5000IR (TA Instruments, USA) under a nitrogen (N2) atmosphere. Both, dynamic and 
isothermal TGA measurements were performed. Dynamic TGA was carried out at a 
temperature range of 40-700 °C using a heating rate of 10 K/min. The isothermal TGA was 
performed at 320 °C. After preheating at 40 °C for 10 min the samples were heated up to 320 
°C within 5 min and then examined isothermally for about one hour. 
 
Fourier transform infrared-attenuated total reflection spectroscopy 
The Fourier transform infrared-attenuated total reflection (FTIR-ATR) measurements were 
performed using a Tensor 27 apparatus (Bruker-Optics, Germany). The samples were 
investigated as powder or measured directly as the reaction solution. A software OPUS 5.0 
was used for the evaluation of the FTIR spectra of the measurements. 
 
Melt rheology 
The melt rheology investigations were performed using a Rheometric Scientific ARES 
(Germany) with plate-plate-geometry in the oscillation mode under N2 environment. The plate 
diameter was 25 mm and the gap ranged from 0.8 to 1.2 mm. A frequency range between 0.1 
and 100 rad/s and a strain within the linear viscoelastic range was used. The applied 
temperatures were identical to those of the melt processing experiments (for example, 320 °C 
for the partly aromatic PA blends and 250 °C for the PA6 blends). The blend samples were 
investigated as small pieces cut from the extruded strands or as powders. A dynamic 
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frequency sweep (strain control) mode test was used to etermine the melt viscosity and 
storage/loss modulus. With the same instrument a dynamic time sweep mode test was also 
carried out to check whether or not a change of the hb polymers (crosslinking or 
decomposition) happened during the measurements. 
 
Scanning electron microscopy 
Morphology of the blends was studied by Scanning electron microscopy (SEM) using a LEO 
435 VP or an Ultra 55 plus (Carl Zeiss SMT) at 5-25 kV. The extruded strands were cut at 
−120 °C using a cryo-microtome. Then the samples were etched by 1N NaOH/methanol 
solution at room temperature over night (~15-18 h.). The etched samples were rinsed with 
methanol and acetone several times, dried and sputtered with gold. Both the etched and un-
etched samples were examined by SEM. It was assumed that the NaOH solution can dissolve 
exclusively the hb polyester parts, and therefore, visualization of different domains or phases 
of hb polymers in matrix polyamides would be possible (if they exist). 
 
Transmission electron microscopy 
Transmission electron microscopy (TEM) was carried out at BASF-SE with a LEO 912 
Omega transmission electron microscope using an acceleration voltage of 120 kV. Ultrathin 
sections of the samples with a thickness of approximately 100 nm were prepared with a Leica 
Ultracut. The ultrathin sections were stained with RuO4 in the vapor phase. 
 
Mechanical test 
Specimens for the mechanical test were prepared by injection molding using a S 200 
H/80V/50 HL-2F (Engel) machine. The melt temperatures varied between 300 and 330 °C 
and the mold temperature was about 100 °C. The tensile tests were performed according to 
ISO 527-2/1A/50 multisense. The Charpy impact strength was measured according to ISO 
179/1eU and ISO 179/1eA. 
 
Dynamic mechanical analysis 
Dynamic mechanical analysis (DMA) investigations were done using a Dynamic Mechanical 
Analyzer DMA 2980 (Texas Instruments) with cuts (17.5×10.1×4 mm) from injection 
molding specimen under the following conditions: single cantilever bending mode; 1 Hz, 1 
K/min, −50…+200 °C. In order to avoid any orientation effects in the GF reinforced samples 
the pieces were always cut nearest to the sprue. 
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5.3 Synthesis of AB2 hb polyesters 
5.3.1 Synthesis of AB2 monomer 
Trimethylsilyl 3,5-bis(trimethylsiloxy)benzoate (1)
200 mL (0.967 mol) of 1,1,1,3,3,3-Hexamethyldisilazane (HMDS) and 74.4 g (0.483 mol) of 
3,5-dihydroxybenzoic acid (DHBA) were mixed in a molar ratio of 2:1, correspondingly. The 
mixture was heated to reflux under a nitrogen (N2) atmosphere for over 6 h. After that the 
reaction solution was cooled down and filtrated, the excessive HMDS and solvent was 
removed by evaporation under reduced pressure (water pump). The product trimethylsilyl 3,5-
bis(trimethylsiloxy)benzoate (1) was then purified by distillation under vacuum (10-3 mbar) at 
99~100 °C to give a colorless oil like compound. 
 
Yield:  171 g (0.461 mol), 95 %. 
Boiling point: Tb = 99 °C (10
-3 mbar). 
FTIR-ATR: 3070 (w, νC-H, ar), 2960 (m, νC-H, -CH3), 2903 (w, νC-H, -CH3), 1702 
(s, νC=O), 1589 (s, νC=C), 1446 (s, δC-H, -CH3), 1339 (s, δC-H, sym, -
CH3), 1250 (s, -SiCH3), 835 [s, -Si(CH3)3] in cm
-1. 
1H NMR (CDCl3): δ = 7.14 (s, H2,3), 6.53 (s, H1), 0.38 [s, 9H, ArCOOSi(CH3)3], 0.27 [s, 
18H, ArOSi(CH3)3] in ppm. 
 
 
 
3,5-Bis(trimethylsiloxy)benzoyl chloride (2) 
The intermediate benzoate (1) (41.2 g, 0.111 mol) was dissolved in 60 mL toluene, and 0.1 
mL (2.3 mol%) DMF were added as catalyst. 10 mL thionyl chloride (1.2 eq.) were dripped 
into the reaction solution under N2 atmosphere at room temperature within a few minutes. A 
N2 stream was applied to protect the reaction system fro  humidity and bring away the 
volatile by-products (SO2 and Me3SiCl). The reaction solution was then heated up to reflux 
for 6-10 hours. The reaction was followed by FTIR. After that the hot reaction solution was 
filtrated through a 4-cm column of aluminum oxide (neutral). Then toluene, along with the 
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excess of thionyl chloride in the filtrated solution was removed under reduced pressure (water 
pump). Finally, the product 3,5-Bis(trimethylsiloxy)benzoyl chloride (3,5-BCl) (2) was 
purified by distillation under vacuum (1.0×10-3 mbar) at 100~105 °C to give a colorless or 
light yellow liquid. 
 
Yield:  12.2 g (0.0385 mol), 35 %. 
Boiling point: Tb = 100 °C (10
-3 mbar). 
FTIR-ATR: 3085 (w, νC-H, ar), 2960 (m, νC-H, -CH3), 2904 (w, νC-H, -CH3), 1763 
(s, νC=O), 1588 (s, νC=C), 1442 (s, δC-H, -CH3), 1332 (s, δC-H, sym, -
CH3), 1254 (s, -SiCH3), 837 [s, -Si(CH3)3] in cm
-1. 
1H NMR (CDCl3): δ = 7.21 (s, H2,3), 6.64 (s, H1), 0.29 [s, 18H, ArOSi(CH3)3] in ppm. 
 
 
 
Distillation with Short Path Distillator  
The monomer 3,5-BCl (2) was also purified by distillation with a Short Path Distillator (SPD) 
system from UIC GmbH. Several batches of crude monoer (2) after removing the toluene 
and thionyl chloride were mixed together and subjected to vacuum (10-3 mbar) at room 
temperature for a half day to remove the residual solvent and volatile compounds (for instance 
Me3SiCl). Finally about 300 g of crude monomer (2) was distilled by the SPD system under 
vacuum (6-10×10-3 mbar) at 90-100 °C. 
 
Yield: 153 g (0.483 mol), ~50 %. 
 
5.3.2 Synthesis of AB2 hb polyesters 
The monomer 3,5-BCl (6.8 g, 0.021 mol) was mixed with 0.033 g (0.24 mmol, ~1 mol% as 
catalyst) of triethylamine hydrochloride (Et3N
.HCl). The mixture was heated up to about 170 
°C and kept at this temperature for half an hour under light N2 stream and with strengthened 
stirring. After that the reactor was connected to vacuum (1.0×10-3 mbar) at 170 °C with 
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strengthened mechanical stirring for another 5~7 hours. After the polycondensation the 
intermediate product with trimethylsiloxy end groups was dissolved in about 15 mL of dry 
THF and the mixture was heated to reflux for several hours. About 0.6 mL of DMF were 
added to help the dissolution. Then the homogeneous s l tion was precipitated in about 10 
times volume (~200 mL) of water. After filtration the polymer was then dissolved in 15 mL of 
THF and precipitated in about 200 mL of HCl solution (1N) again. Finally the precipitated 
polymer was filtrated and dried in a vacuum oven at 50 °C with drying agent for several days 
to give the final AB2 hb polyester (4) as a light yellow powder. 
 
Yield:  2.8 g (0.02 mol), 95 %. 
DSC: Tg = 220 °C (2
nd heating run by half step method). 
FTIR-ATR: 3399 (br, νO-H), 3090 (w, νC-H, ar), 1717 (s, νC=O), 1596 (s, νC=C), 
1446 (s), 1283 (s, δO-H), 1185 (s), 1131 (s, νC-OH), 1082 (m), 995 (m), 
863 (m, δC-H, ar), 752 (m), 667 (m) in cm-1. 
1H NMR (DMSO-d6): δ = 10.35 (br, -OHlinear), 9.75 (br, -OHterminal), 8.2-7.7 (m, 
H1,2,3,dendritic), 7.6-7.4 (m, H2,3,linear), 7.2-6.9 (m, H1,2,3,linear & terminal), 
6.53 (m, H1,terminal) in ppm. 
 
 
 
5.3.3 Scale-up synthesis of AB2 hb polyester 
Totally, 206 g (0.65 mol) of purified monomer 3,5-BCl (2) were available and used for the 
scale-up polymerization in one batch. The polymerization conditions were the same as those 
described above. However, when the vacuum was applied to the reactor it was too hard to stir 
the reaction mixture due to its high viscosity. After applying 7 hours of vacuum (1.0×10-3 
mbar), the product was dissolved in 800 mL THF and dripped into about 10.5 L HCl solution 
(1N) for precipitation and hydrolysis. After filtration the polymer was dissolved in THF and 
precipitated in 1N HCl solution again. Finally the precipitate was filtrated and dried in a 
vacuum oven at 50 °C with drying agent for several days. About 90 g of the AB2 hb polyester 
(4) was obtained as light-yellow powder. 
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Yield: 90 g (0.642 mol), 99 %. 
DSC: Tg = 221 °C (2
nd heating run by half step method). 
 
5.3.4 Synthesis of AB2 hb polyester with core molecule 
The copolymerization of the monomer 3,5-BCl (2) with 1,1,1-tris(4-hydroxyphenyl)ethane 
(THPE) as core molecule was carried out according to the same procedure as described in 
synthesis of the AB2 hb polyester (4). In the experiment 3.82 g (12 mmol) of monomer 3,5-
BCl (2) was mixed together with 18 mg (0.13 mmol) of Et3N
.HCl and 40 mg (0.13 mmol, 
~1.0 mol%) THPE for the melt polycondensation. At lasthe AB2 hb polyester with core (5) 
was obtained as light yellow powder similar with that of the hb polymer (4). 
 
Yield:  1.52 g (0.011 mol), 92 %. 
DSC: Tg = 213 °C (2
nd heating run by half step method). 
FTIR-ATR: 3399 (m, br, νO-H), 3090 (w, νC-H, ar), 2960 (w, νC-H, -CH3), 1717 (s, 
νC=O), 1596 (s, νC=C), 1446 (s), 1283 (s, δO-H), 1185 (s), 1131 (s, νC-
OH), 1082 (m), 995 (m), 863 (m, δC-H, ar), 752 (m), 667 (m) in cm-1. 
1H NMR (DMSO-d6): δ = 10.35 (br, -OHlinear), 9.75 (br, -OHterminal), 8.2-7.7 (m, 
H1,2,3,dendritic), 7.6-7.4 (m, H1,2,3,linear), 6.53 (m, H1,2,3,terminal), 6.61-6.84 
(m, H4,5), 2.23 (s, -CH3,dendritic), 2.13 (s, -CH3,linear), 2.04 (s, -
CH3,terminal), 1.95 (s, -CH3,THPE) in ppm. 
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5.4 Synthesis and investigation of A2+B3 hb polyesters 
5.4.1 Synthesis of A2+B3 hb polyesters by solution polymerization 
The A2+B3 hb polyesters were synthesized firstly by solution polycondensation of the A2 
monomer terephthaloyl chloride (TCl) and B3 monomer THPE using different monomer ratios 
(A2:B3). The monomers TCl and THPE were dissolved separately in dry THF to give two 
monomer solutions with the concentration of 46 mmol/l. And later in another series of 
experiments the monomer concentration of 57 mmol/l was used. Triethylamine (TEA) was 
added to the THPE solution for trapping the hydrochloride produced during reaction. The 
detailed data of reaction is shown in Table 5.. 
 
Table 5. The reaction data of the A2+B3 solution polymerizations. 
A2+B3 hb 
polyester 
A2:B3 TCl 
[g (mmol)] 
THPE 
[g (mmol)] 
TEA 
[g (mmol)] 
Solution concentration 
(mmol/L) 
P2-1 3:2 1.33 (6.55) 1.34 (4.38) 1.31 (13) 46 
P2-2 3:2 1.33 (6.55) 1.34 (4.38) 1.31 (13) 57 
P2-3 1:1 1.33 (6.55) 2.0 (6.53) 1.31 (13) 46 
P2-4 1:1 1.33 (6.55) 2.0 (6.53) 1.31 (13) 57 
P2-5 3:4 1.33 (6.55) 2.68 (8.75) 1.31 (13) 46 
P2-6 3:4 1.33 (6.55) 2.68 (8.75) 1.31 (13) 57 
P2-7 1:2 1.33 (6.55) 4.01 (13.1) 1.31 (13) 46 
P2-8 1:2 1.33 (6.55) 4.01 (13.1) 1.31 (13) 57 
 
In a dry three-necked flask equipped with gas inlet, outlet, condenser and magnetic stirring 
bar, the TCl solution was dripped into the THPE solutin within ~2 hours under N2 stream at 
room temperature. The reaction mixture was stirred over 24 hours and then filtrated out. The 
filtrated reaction solution was dripped into about 8-10 times of the reaction solution volume 
of methanol for precipitation and the remaining acid hloride groups were converted to 
methyl esters simultaneously. After filtration the final product was collected and dried in a 
vacuum oven at 50 °C with drying agent for several days to give the A2+B3 hb polyester (7) as 
white crisp solid. 
 
FTIR-ATR: 3460 (br, νOH), 2931 (m, νC-H -CH3), 1734 (s, νC=O), 1499 (s, νC=C, 
ar), 1259, 1201, 1167, 1078, 1013, 829. in cm-1. 
1H NMR (DMSO-d6): see Appendix-2. 
13C NMR (DMSO-d6): see Appendix-2. 
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5.4.2 Sampling during solution polymerization of TCl and THPE 
During solution polycondensation of the A2+B3 monomers (including the addition of TCl 
solution by dripping), several samples were taken out of the reaction system after certain 
reaction time and the polymerization was stopped by ripping the samples in methanol. The 
time counting started as the first drop of the TCl solution was dripped to the THPE solution. 
At every time about 20 mL reaction solution was taken out of the reaction system with a 
syringe and filtrated by filter, at the same time th filtrate was dripped into ~200 mL methanol 
for precipitation. At room temperature the mixture was kept stirring till all the solvent (THF 
and methanol) were evaporated under reduced pressure (water pump). The residual solid was 
then collected and dried in vacuum oven with drying agent before characterizations. 
 
5.4.3 Thermal investigation on A2+B3 hb polyesters obtained by solution 
polymerization 
Further pyrolysis GC-MS investigations were performed on the A2+B3 hb polyesters prepared 
from solution polymerization with four monomer ratios (A2:B3 = 3:2, 1:1, 3:4, 1:2). At three 
temperatures (225, 380 and 505 °C) the samples were studied at first, these temperatures were 
used according to the TGA curves of those samples. Additionally, investigations at 320 °C 
(melt compounding temperature for preparing the partly omatic polyamide blends) and 250 
°C (melt compounding temperature for preparing the PA6 blends) were performed. The 
monomer THPE was also investigated at 250 °C for comparison. 
Furthermore, an additional series of experiments on the A2+B3 (3:4) hb polyester was 
performed by thermally annealing the samples from one synthetic batch in sealed tubes at 320 
°C for 1, 2.5 and 5 min. Then the resulting samples w re studied by head space GC-MS to 
analyze the produced volatile substances. 
 
5.4.4 Synthesis of A2+B3 hb polyesters by melt polymerization 
Synthesis of 1,1,1-tris(p-trimethylsiloxyphenyl)ethane 
THPE (15.3 g, 0.05 mol), HMDS (24.2 g, 0.15 mol), and chlorotrimethylsilane (16.3 g, 0.15 
mol) were mixed together and dissolved in 200 mL of toluene. Two drops of DMF were 
added as catalyst. The reaction mixture was then heated up to reflux for 16 h. After that the 
solvent was removed by rotation evaporation and thus the crude 1,1,1-tris(p-
trimethylsiloxyphenyl)ethane (TMS-THPE) was obtained as a white powder. The crude 
product was further purified by distillation over a short-path round bottle apparatus (10-2 
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mbar, 200 °C) under a nitrogen atmosphere and resulted in a white crystalline like TMS-
THPE. 
 
Yield:  24.3 g (46.462 mmol), 93 %. 
Melt point: Tm = 120 °C. 
FTIR-ATR: 3038 (w, νC-H, ar), 2960 (m, νC-H, -CH3), 2903 (w, νC-H, -CH3), 1748, 
1606 (s, νC=C), 1509, 1458 (s, δC-H, -CH3), 1370 (s, δC-H, sym, -CH3), 
1250 (s, -SiCH3), 1177, 913, 835 [s, -Si(CH3)3], 751, 639 in cm
-1. 
1H NMR (DMSO-d6): δ = 0.25 (s, -OSiMe3), 2.09 (s, -CH3), 6.91 (d, H1), 6.71 (d, H2) in 
ppm. 
 
 
 
Synthesis of A2+B3 hb polyesters by melt polymerization 
Two monomers with a molar ratio of 3:4 (as example, th  experiments with other ratios were 
done in the same way), TCl (1.2 g, 5.96 mmol) and TMS-THPE (4.15 g, 7.9 mmol), were 
thoroughly mixed as powders and placed under nitrogen in a dry three-necked flask equipped 
with nitrogen inlet, condenser and magnetic stirring bar. The reaction flask was put in an oil 
bath preheated at 145°C, and a weak nitrogen flow was adjusted. When a homogeneous melt 
was obtained, Et3N
.HCl (0.5 mol% relative to the amount of TMS-THPE), was added as 
catalyst. After a certain time (4~5 h) the magnetic s rrer was not able to stir the reaction 
mixture any more due to the high viscosity. Stop the heating and let the reaction mixture cool 
down. The reaction mixture was dissolved in THF and consequently precipitated in methanol 
to give the product as white powder. 
 
Yield: 1.3 g (2.784 mmol), 47 %. 
DSC: Tg = 200 °C (2
nd heating run by half step method). 
The assignments of FTIR and NMR spectra of this product are the same as that of the hb 
polyesters prepared from solution polymerization. 
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5.5 End group modification of hb polyesters 
5.5.1 End group modification of AB2 hb polyester 
About 0.5 g (4 mmol) of AB2 hb polyester (4) and 0.9 g (8.9 mmol) of TEA were dissolved in 
25 mL THF. Then 0.63 g (8 mmol) of acetyl chloride were added into this THF solution and 
stirred for more than one day under N2 stream at room temperature. After that the mixture was 
filtrated. The solvent in the filtrated solution was removed by reduced pressure (water pump). 
Then about 50 mL water were added and the mixture was stirred for more than 5 hours at 50 
°C. After that the resulting product was filtrated out and was dried in a vacuum oven at 50 °C 
with drying agent for several days to give the acetate terminated AB2 hb polyester (9) as 
yellow powder. 
 
Degree of conversion: 99 % (estimated by NMR roughly) 
DSC: Tg = 136 °C (2
nd heating run by half step method). 
FTIR-ATR: 3090 (w, νC-H, ar), 2940 (m, νC-H), 1765 (s, νC=O), 1596 (s, νC=C, ar), 
1447 (m) in cm-1. 
1H NMR (DMSO-d6): δ = 8.08-7.36 (br, H1,2,3), 2.24 (s, -CH3) in ppm. 
 
 
 
End group modification of the AB2 hb polyester with benzoyl chloride was carried out in the 
same way as described above. Then the AB2 hb polyester with a benzoate terminal group (10) 
was obtained as orange crystalline like solid. The NMR measurement of the polymer (10) was 
performed in CDCl3 since it is not soluble in DMSO-d6. 
 
Degree of conversion: 99 % (estimated by NMR roughly). 
DSC: Tg = 52 °C (2
nd heating run by half step method). 
FTIR-ATR: 3090 (w, νC-H, ar), 1740 (s, νC=O), 1596 (s, νC=C, ar), 1491 (m), 1241, 
1174 (s, νC-O-C), 1128, 1056, 1023, 700 in cm-1. 
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1H NMR (CDCl3): overlapped peaks were observed, δ = 8.20-7.30 (br, H1,2,3), 8.16, 8.17, 
7.70, 7.55, 7.51 (m, H4,5,6) in ppm. 
 
 
 
5.5.2 End group modification of A2+B3 (3:4) hb polyester obtained by solution 
polymerization 
About 0.265 g (0.6 mmol) of A2+B3 (3:4) hb polyester obtained by solution polymerization 
and 0.42 mL (2.25 mmol) of TEA were dissolved in 25 mL THF. Then 0.15 mL (1.5 mmol) 
of acetyl chloride were added into this THF solution and stirred for more than one day under 
N2 stream at room temperature. After that the mixture was filtrated. The solvent in the 
filtrated solution was removed by reduced pressure (water pump). Then about 50 mL water 
were added and the mixture was stirred for more than 5 hours at 50 °C. After that the resulting 
product was filtrated out and was dried in a vacuum oven at 50 °C with drying agent for 
several days to give the acetate terminated A2+B3 hb polyester (11) as yellow powder. 
 
Degree of conversion: 99 % (estimated by NMR roughly) 
DSC: Tg = 184 °C (2
nd heating run by half step method). 
FTIR-ATR: 3060 (w, νC-H, ar), 2977 (m, νC-H -CH3), 1734 (s, νC=O), 1499 (s, νC=C, 
ar), 1259, 1198, 1166, 1078, 1013, 719. in cm-1. 
1H NMR (CDCl3): δ = 8.33 (d, H3,3’), 6.93-7.30 (m, H1,2,1’,2’), 2.1-2.35 (m, -CH3), 1.54 
(s, -OCOCH3) in ppm. 
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5.6 Blends of linear polyamides and hb polyesters 
5.6.1 Blends preparation by mini-compounder 
In a small scale the blends were prepared by means of a twin-screw mini-compounder (Micro-
5 Compounder, DSM Xplore) with a batch volume of ~5 mL. Both the barrel and the sample 
temperatures were controlled. Air was used for cooling. A controlling device at the extruder 
allows a separate adjustment of both the processing time and the screw speed. At the same 
time, the torque of the materials was measured and recorded automatically during the whole 
mixing process. The blend components were dried in vacuum oven together with drying agent 
for one week prior to melt compounding. The screw speed for melt mixing was 70 rpm or 100 
rpm. Speed of 70 rpm was only used in preparation of the GF reinforced polyamide (PA) 
blends. The total amount of mixing material was about 4.6 g. The hb polymer powder and the 
granulated PA were mixed together before melt compounding. To find the optimized melt 
compounding conditions different temperatures and mixing duration were also tried. The 
mixtures of the partly aromatic PA and the hb polyesters were processed at 320 °C for 5 min. 
However, due to the lower melting temperature of the PA6 the blends of PA6 and the hb 
polymers were prepared at 250 °C for 5 min. As controlling samples, pure matrix PA and the 
pure hb polyesters were processed under the same conditions as well so that they had the 
same thermal history as the blends. But for the pure hb polyesters due to the limitation of 
materials, the total amount of the hb polyesters fo thermal processing was only about 2.5 g.  
All of the prepared blends were kept in an desiccators filled with silica gel. Different amounts 
of the hb polyesters (from 1 wt.-% up to 28 wt.-%pa) were added to the matrix polyamides. All 
the weight percentages of the hb polyesters were calculated basing on the pure PA amount in 
the corresponding blends. 
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5.6.2 Blends preparation by extruder 
The blends were also prepared in a extruder ZSK30 (Werner&Pfleider) at 280-310 °C, 150 
rpm, using screw specially developed for the preparation of GF reinforced plastics. The AB2 
hb polyester from scale-up synthesis (P1-up, ~90 g) was used for preparing the blends with 
one partly aromatic polyamide (PA6T/6a) and glass fiber (GF, from BASF-SE). The AB2 hb 
polyester was feed as powder, which has been dried in vacuum oven at 50 °C with drying 
agent for over one week. The PA and GF were used without further drying (from freshly 
opened original packages). The material feeding rate w s about 6 kg/h and the residence time 
of the materials in the extruder was about 2-3 minutes. The product strand was cooled by 
water/air and then granulated by machine. 
10 wt.-%pa of the AB2 hb polyester were added to the mixture during compounding. The 
weight percentage of AB2 hb polyester was calculated based on the pure PA in blends. Two 
blends with 10 wt.-%pa of AB2 hb polyester were prepared using different contents of GF: 50 
wt.-% and 35 wt.-%. For comparison, three more blend samples: the pure PA6T/6a, the 
PA6T/6a with 50 wt.-% of GF and the PA6T/6a with 35 wt.-% of GF were also prepared by 
extrusion using the same conditions. 
The GF contents in blend samples was determined by baking the granulated samples in an 
oven at 650 °C for 15 min. After that the residual GF were collected and weighed. Therefore, 
the GF amount in the blend samples was determined. After the extrusion experiment the 
granulated products were dried in vacuum oven at 80°C for several days and then used for 
injection molding to prepare the specimens of mechanical tests and DMA measurements. 
 
5.6.3 Blend samples preparation for SEC investigation 
About 0.1 g of blend sample was dissolved in 5 mL of hexafluro-2-propenol and after stirring 
for one day the turbid solution was filtrated with a syringe filter (0.2 µm). The filtrated 
solution was dropped in about 50 mL THF for precipitation. The mixture was then filtrated 
again and the filtrate was kept stirring and the solvent was removed by evaporation under 
reduced pressure (water pump) at room temperature. Th  residue after evaporation was 
collected and sent to SEC measurement. As comparison, the physical mixture of 10 mg hb 
polyester and 90 mg of PA was also processed under the same procedure as described above 
and the residue was send to SEC measurement for characterization as well. 
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5.7 Model compounds investigation 
5.7.1 Synthesis and characterization of model compounds 
Synthesis of N,N'-dihexyl terephthalamide 
Hexylamine (2.65 mL, 20 mmol) and TEA (2.6 mL, 20 mmol) were mixed together and 
dissolved in THF (80 mL). TEA was used to trap the produced HCl. Then THF solution of 
TCl (2.03 g, 10 mmol) was dripped slowly into the mixture with stirring at 4 °C. After stirring 
the mixture for more than one hour the product was filtrated and washed with THF at first. 
Then the obtained compound was washed with water for several times. After that the product 
was further purified by recrystallization in chloroform and dried in vacuum at 50 °C with 
drying agent to give the final product N,N'-dihexyl terephthalamide (M-1) as a puffy needle 
like crystalline solid. 
 
Yield: 1.52 g (46 mmol), 46 %.  
Melt point: Tm = 211 °C (2
nd heating run of DSC). 
FTIR-ATR: 3320 (br, νN-H), 2954 (m, νC-H), 2868, 1625 (s, νC=O), 1536 (s, νC=C, 
ar), 1471, 1316, 1275, 1158, 860, 730, 635. in cm-1. 
1H NMR (DMSO-d6): δ = 8.50 (t, -NH-), 7.88 (s, H1), 3.20 (m, H2), 1.52 (m, H3), 1.28 (m, 
H4,5,6), 0.86 (t, H7) in ppm. 
 
 
 
Thin layer chromatography test of M-1 
The thin layer chromatography (TLC) test was used to check the purity of the resulting M-1. 
The following solvents or mixtures of solvents were us d in the experiments: ethyl acetate, n-
hexane, acetonitrile, methanol, ethanol, chloroform, chloroform + ethanol (3:1), ethyl acetate 
+ n-hexane (1:1), ethanol + acetonitrile (1:1), 5% of ethanol in chloroform, 5 % of ethanol in 
acetonitrile. The TLC plate was prepared from 25 TLC aluminium sheets with Silica gel 60 
F254. A UV lamp NU-6 KL (Benda, Germany) with the wave length of 254 nm was used for 
the visualization of the samples. 
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Synthesis of diphenyl terephthalate 
A mixture of TCl (50 g, 0.245 mol) and phenol (70 g, 0.745 mol) was heated to 50 °C in a 
250 mL flask equipped with magnetic stirrer, condenser, nitrogen inlet and HCl outlet. The 
HCl formed was led through a NaOH solution (40 g, 1.0 mol in one liter water). After 1 h the 
reaction mixture was partly solidified. After 3 h te product was washed with 2 L of warm 
water (70 °C). The product was separated with a glass filter and washed twice with warm 
ethanol (50 °C). The product diphenyl terephthalate (DPT) was subsequently dried in a 
vacuum oven at 50 °C with drying agent. 
 
Yield: 55.5 g (0.176 mol), 72 %. 
Melt point: Tm = 196 °C. 
FTIR-ATR: 3060 (w, νC-H, ar), 1730 (s, νC=O), 1590 (s, νC=C, ar), 1484, 1378, 
1243, 1194, 1157, 1076, 738, 688 in cm-1. 
1H NMR (DMSO-d6): δ = 8.33 (s, H1), 7.50 (t, H3), 7.33-7.35 (m, H2,4) in ppm. 
 
 
 
Synthesis of di-(6-aminohexyl) terephthalamide 
A mixture of DMT (20 g, 0.1 mol) and 1,6-Hexamethylenediamine (70 g, 0.6 mol) was heated 
to 120 °C in a 500 mL stirred round bottom flask with nitrogen inlet and a reflux condenser. 
At 80 °C a clear solution was formed and methanol started boiling off. When a temperature of 
120 °C was reached, precipitation had started. After 4 h, at 120 °C 250 mL toluene were 
added to the thick suspension and the mixture was allowed to cool to 100 °C under stirring. 
The product was collected by filtration with a glass filter and washed twice with hot toluene 
(80 °C). Finally the product was washed with diethyl ether and dried at room temperature. 
The crude product di-(6-aminohexyl) terephthalamide (6T6-diamine) was further purified by 
recrystallization from n-butyl acetate at 110 °C (15 g/l). After that the purified products were 
dried in vacuum oven at 50 °C with drying agent. 
 
Yield: 11.32 g (31 mmol), 31 %. 
Melt point: Tm = 180 °C. 
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FTIR-ATR: 3320 (br, νN-H), 2924 (νC-H), 2851, 1626 (s, νC=O), 1545 (s, νC=C, ar), 
1500, 1459, 1288, 955, 860, 734, 630 in cm-1. 
1H NMR (TFA-d1): δ = 8.57 (s, -NH-), 8.39 (s, H1), 7.20 (s, -NH2), 4.12 (s, H2), 3.74 (m, 
H7), 2.32 (m, H6), 2.28 (m, H3), 2.01 (s, H4,5), 0 (s, D2O) in ppm, D2O 
as standard lock. 
 
 
 
Synthesis of T6T6T-diphenyl 
A mixture of 6T6-diamine (2.05 g, 5.5 mmol) and DPT (10.55 g, 33 mmol) was dissolved in 
115 mL NMP in a 1L stirred round bottomed flask with nitrogen inlet and a reflux condenser. 
The mixture was heated up to 120 °C and kept at this temperature for 16 h. After cooling, the 
precipitated product was collected by filtration using a glass filter and washed with NMP, 
warm toluene (70 °C) and warm acetone (50 °C). After drying the product was recrystallized 
from N-methyl-2-pyrrolidone (NMP) at 120 °C with a concentration of 40 g/L. The product 
T6T6T-diphenyl (M-2) was then dried in vacuum oven at 50 °C with drying agent. 
 
Yield: 3.77 g (4.6 mmol), 84 % 
Melt point: Mp = 302 °C. 
FTIR-ATR: 3317 (br, νN-H), 3066 (w, νC-H, ar), 2939 (νC-H), 2869, 1724 (s, νC=O), 
1626 (s, νC=O), 1533 (s, νC=C, ar), 1493, 1281, 1210, 1160, 1084, 
1020, 866, 623, in cm-1. 
1H NMR (TFA-d1): δ = 8.36 (d, H9), 7.92 (d, H8), 7.90 (s, H1), 7.42 (m, H11), 7.31 (m, 
H12), 7.14 (d, H10), 3.64 (s, H2,7), 1.79 (s, H3,6), 1.53 (s, H4,5), 0 (s, 
D2O) in ppm, D2O as standard lock. 
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5.7.2 Investigation of model compounds 
Investigation on the ester end groups 
About 0.34 g (1.3 mmol) methyl-phenyl-terephthalate (J650/3) was dissolved in 5 mL THF 
with several drops of TEA. At first about 10 times exc ss amount of butylamine (1.02 g, 14 
mmol) were added. Then the mixture was stirred for 24 hours at room temperature. After 
FTIR measurement of the sample, the mixture was heated up to 55 °C, refluxed and stirred for 
5 hours. The sample was taken out and examined by FTIR again. At second step THF and 
butylamine were removed by evaporation at 50 °C, and then 10 mL of ethanolamine were 
added. The new mixture was heated to reflux at 135 °C for 24 hours. The final sample was 
also investigated by FTIR. 
 
Investigation on the mixture of the hb polyesters and M-1 
The model compound M-1 0.77 g (2.3 mmol) and 0.138 g (1.01 mmol) of the AB2 hb 
polyester were mixed together and dissolved in 15 mL of NMP at ~55 °C. The clear yellow 
solution was then heated up to 150 °C under a nitrogen stream. After 3 hours of stirring the 
mixture was cooled down. FTIR was used to follow the experiment. The mixture was filtered 
and the solvent in filtrate was evaporated and further removed by vacuum (1× 0-3 mbar) at 80 
°C. After that the product was dissolved in 10 mL THF, then the THF solution was dropped in 
water for precipitation. The final compound after precipitation was filtrated and dried in 
vacuum with dry agent at 50 °C before analysis. 
 
Thermal treatment of the mixture of the hb polyesters and M-2 
About 0.226 g (0.28 mmol) model compound M-2 was mixed with 26 mg (0.2 mmol) of AB2 
hb polyester (4) in the N2 atmosphere at room temperature. Then the mixture was put in a 
round bottle under vacuum (4.0×10-2 mbar) and heated up to 80 °C for drying. After about 3 
hours the mixture was heated up to 300 °C under N2 stream in a metal bath and treated at this 
temperature with strengthened stirring for about 10 min. At last the mixture was cooled down 
and the thermal treated sample was collected and kept in a drying oven before 
characterization. 
The same treatment was also performed for the mixture of M-2 and the A2+B3 (3:4) hb 
polyester from solution polymerization. Furthermore, as a comparison pure M-2 was also 
treated in the same way. 
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6. Appendix 
 
Appendix-1. Data of the samples taken out from the solution polymerization with a monomer ratio of A2:B3=1:1 and a monomer concentration of 
46 mmol/L, all the data were calculated from the signals of the terminal (t), liner (l) and dendritic (d) sub-units in 1H NMR spectra. 
a content of the sub-units (t, l, d) and monomers, calculation based on NMR spectra of the samples taken out; 
b conversion of A or B functionalities; 
c determined by dynamic TGA measurement; 
d percentage of the TCl solution has already been added to the reaction system; 
e second molar mass peak was also detected by SEC; 
f final product after fractionation by precipitation in methanol. 
 
Data from the A functionalities were roughly estimated and only used for the comparison of each other. 
 
From A2 monomer (%) From B3 monomer (%) DB (%) Molar mass (g/mol) Sample Reaction 
time (h) pt a  pl a pA2 
a  pA 
b pt a pl a pd a pB3 
a pB b Frey Fréchet 
Tg  
(°C) 
T at 10% weight 
loss c (°C) Mn Mw PD 
S-1 0.2  
(20% TCl) d 
25.4 1.8 72.8 14.5 4.1 0 0 95.9 1.4 - - - 250 1300 2200 1.7 
S-2 0.5  
(50% TCl) d 
9.4 28.6 62 33.3 10 6 3 81 10.3 50 68 79 231 14200 e 17000 e 1.2 e 
S-3 1.3 
(100% TCl) d 
22.2 68.9 9.9 80 33.6 35.4 21.9 9.1 56.7 55 61 166 238 23700 110000 4.6 
S-4 2.3 26.8 69.2 4 82.6 31.6 34.2 23.9 10.3 57.2 58 62 174 285 4500 32200 7.2 
S-5 4.3 26.1 70.1 3.8 83.2 31.5 35.5 24.8 8.2 59 58 61 172 311 5500 32800 6.0 
S-6 7.3 25.9 70.8 3.3 83.8 31.3 35.6 25.4 7.8 59.6 59 62 180 307 5400 32400 6 
S-7 11.3 26.7 69.4 3.9 82.8 32 35 24.5 8.5 58.5 58 62 173 309 5700 31600 5.5 
S-8 23.3 26.7 69.5 3.8 82.9 31.5 35.7 24.4 8.4 58.7 58 61 170 307 8000 33000 4.1 
S-9 32.3 26.8 69.5 3.7 82.9 30.8 35.1 24.6 9.5 58.3 58 61 176 314 6900 33500 4.9 
S-10 49.3 27.1 68.6 4.3 82.2 31.4 35.1 24 9.5 57.9 58 61 176 284 6700 31700 4.7 
S-11 f 49.3 - - - - - - - - - 56 54 236 423 11500 37800 3.3 
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Appendix-2. NMR data of A2+B3 hb polyester.  
 
 
Compilation of the chemical shift in 1H-NMR spectra of the A2+B3 hb polyester (in ppm, DMSO-d6). 
Atom position t l d 
1 2.05 2.15 2.25 
4 6.84 6.90 - 
5 6.68 6.73 - 
4’ 7.11 7.17 7.23 
5’ 7.21 7.26 7.32 
9 8.13 a - - 
9’ 8.23 a 8.32 a - 
OH 9.24 9.33 - 
a signal splitting due to type of neighboring units. 
 
Compilation of the chemical shifts in 13C-NMR spectra of the A2+B3 hb polyester (in ppm, DMSO-d6). 
Atom position t l d 
1 30.46 a 30.43 a 30.38 a 
2 50.50 51.02 51.53 
3 139.35 138.58 - 
4 129.21 a 129.25 a - 
5 114.63 114.85 - 
6 155.37 155.63 - 
3’ 147.87 147.09 146.39 
4’ 129.41 a 129.47 a 129.52 a 
5’ 120.92 121.18 121.43 
6’ 148.36 148.56 148.78 
7 166.49 - - 
8 135.45 - - 
9 129.78 - - 
7’ 163.98 a 163.76 a - 
8’ 132.59 133.50 - 
9’ 130.02 130.29 - 
a overlapped signals. 
 
Since the hb polyesters were obtained from the preci itation in methanol and both monomers 
(TCl and THPE) were soluble in methanol or were able to react with methanol, the 
uncondensed monomers (TCl or its derivatives and THPE) should be removed by 
precipitation. 
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Appendix-3. DSC Characterization of pure PA6T/6 and PA6 and the blends of them with hb polyesters. 
Sample  Component & content Fox-Tg 
a 
(°C) 
Tg 
b 
(°C) 
Tm 
b  
(°C) 
∆Hm 
c 
(J/gPA) 
d 
Crystallinity e 
(%) 
Tc,o  
(°C) 
∆Tc 
f 
(K) 
∆Hc 
c 
(J/gPA)
 d 
PA6T/6 granulate PA6T/6 g - 105 296 52 49 254 11 -52 
B1 PA6T/6 h - 101 295 48 45 267 5 -47 
B2 PA6T/6 + 1 wt.-% P1 102 103 297 56 52.5 268 5 -52 
B3 PA6T/6 + 5 wt.-% P1 104 104 296 52 49.3 267 4 -50 
B4 PA6T/6 + 10 wt.-% P1 107 111 284 51 48.3 254 7 -45 
B5 PA6T/6 + 15 wt.-% P1 110 113 278 43 41 248 9 -41 
B6 PA6T/6 + 20 wt.-% P1 114 119 258 28 26 229 13 -27 
B9 PA6T/6 + 1 wt.-% P2 102 101 295 55 52 266 5 -47 
B10 PA6T/6 + 10 wt.-% P2 107 101 297 55 52 269 5 -55 
PA6 granulate PA6 g - 55 221 72 31.1 183 14 -68 
B34 PA6 h - 53 221 81 35.1 192 2 -79 
B35 PA6 + 1 wt.-% P1 55 56 221 75 32.6 191 3 -70 
B36 PA6 + 5 wt.-% P1 57 61 217 77 33.3 187 2 -76 
B37 PA6 + 10 wt.-% P1 60 68 212 72 31.4 179 3 -71 
B38 PA6 + 15 wt.-% P1 62 72 205 67 29.3 169 5 -66 
B43 PA6 + 1 wt.-% P2 55 55 220 76 32.9 191 2 -74 
B44 PA6 + 5 wt.-% P2 57 56 220 74 32.1 190 2 -74 
B45 PA6 + 10 wt.-% P2 60 59 220 70 30.5 190 2 -70 
B46 PA6 + 15 wt.-% P2 62 62 219 72 31.4 190 2 -74 
a calculated Tg values according to the FOX equation (7) using Tg of 221 °C for P1 and Tg of 223 °C for P2; 
b results derived from the 2nd heating run of DSC measurements; 
c ∆Hm and ∆Hc: melting and crystallization transition heat, results calculated from the 2
nd heating scans and the 1st cooling scans of DSC measurements, respectively; 
d values of the transition heat ∆H (J/gPA) corrected by the amount of pure polyamide in blend; 
e results of PA6T/6 blends are calculated basing on the fact that the thermal treated pure PA6/T6 has a crystallinity of 45 %; results of PA6 blends is based on a melting heat 
∆Hm,0=230J/g for the 100 % crystallinity PA6; 
f ∆Tc = Tc,o- Tc,m; 
g original polyamides without any thermal processing; 
h pure PA6T/6 processed at 320 °C and pure PA6 processed at 250 °C. 
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7. Abbreviations 
A4F asymmetrical flow field-flow fractionation 
acA/acU notch/un-notch breaking energy 
AEG amino end group 
AFM atomic force microscopy 
3,5-BCl 3,5-bis(trimethylsiloxy)benzoyl chloride 
BHT 2,6-dimethyl-4-tert-butylphenol 
CDCl3 deuterated chloroform 
D/d dendritic sub-unit 
DB degree of branching 
DHBA 3,5-dihydroxybenzoic acid  
DMA dynamic mechanical analysis 
DMF N,N’-dimethyl formamide 
DMSO-d6 deuterated dimethyl sulfoxide 
DMT dimethyl terephthalate 
D2O deuterated water 
DPT diphenyl terephthalate 
DSC differential scanning calorimetry 
Eq. equation 
Et Young’s modulus 
EtOH ethanol 
Et3N
.HCl triethylamine hydrochloride 
FTIR-ATR Fourier transform infrared-attenuated total ref ection 
G’ storage modulus 
G’’ loss modulus 
GC-MS gas chromatography-mass spectrometry 
GF glass fiber 
hb hyperbranched 
∆Hc crystallization transition heat 
HCl hydrochloric acid 
∆Hm melting transition heat 
HMDS 1,1,1,3,3,3-hexamethyldisilazane 
L/l linear sub-unit 
MALLS multi-angle laser light scattering 
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MBROP multibranching ring-opening polymerization 
Me methyl group 
MeOH methanol 
Mn number average molecular weight 
MVR melt volume-flow rate 
Mw weight average molecular weight 
N2 nitrogen 
NaOH sodium hydroxide 
NMP N-methyl-2-pyrrolidone 
NMR nuclear magnetic resonance 
OsO4 osmium tetroxide 
PA polyamide 
PD polydispersity (Mn/Mw) 
PEEK polyetheretherketone 
PET polyethylene terephthalate 
PLA polylactide 
ppm parts per million 
PS polystyrene 
PTFE polytetrafluoroethylene 
RI refractive index 
r.t. room temperature 
RuO4 ruthenium tetroxide 
SCVP self-condensing vinyl polymerization 
SEC size exclusion chromatography 
SEM scanning electron microscopy 
SMA styrene maleic anhydride copolymer 
SOCl2 thionyl chloride 
SPD Short Path Distillator 
T/t terminal sub-unit 
Tb boiling point 
∆Tc Tc,o - Tc,m 
TCl terephthaloyl chloride 
Tc,m middle of crystallization temperature 
Tc,o onset of crystallization temperature 
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TEA triethylamine 
TEM transition electron microscopy 
TFA-d1 deuterated trifluoroacetic acid 
Tg glass transition temperature 
TGA thermal gravimetric analysis 
THF tetrahydrofuran 
THPE 1,1,1-tris(4-hydroxyphenyl)ethane 
TLC thin layer chromatography 
Tm melting temperature 
TMS trimethylsilyl 
TMS-THPE tris(p-trimethylsiloxyphenyl)ethane 
TRLS time resolved light scattering 
VN viscosity number 
wt.- % weight percent 
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